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1 Introduction

At RAN2#95 RACH on non-anchor carriers was discussed and the following agreements were captured in the session report[1]:
	· Support the transmission of NPRACH on a non-anchor carrier in the case of initial access from RRC_IDLE and in the case of RRC connection re-establishment procedure.
· Support the transmission of NPRACH on a non-anchor carrier in the case of PDCCH order and in the case of UL transmission during RRC_CONNECTED requiring random access procedure.
· The network broadcasts the non-anchor carrier RACH resource configuration (BCCH is currently on anchor carrier)
· During the RA procedure including Msg1/Msg2/Msg3/Msg4 (one attempt), it is sufficient to use one and the same UL carrier (for Msg1/Msg3) and one and the same DL carrier (for Msg2/Msg4).
· If no dedicated configuration (physicalConfigDedicated-NB) is provided to the UE in Msg4, the UE remains on the UL carrier where Msg1/Msg3 was transmitted and on the DL carrier where Msg2/Msg4 was received.


Along with the agreements a list of open issues as also captured, including topics such as configuration, measurements and carrier selection.

In this document we further discuss NPRACH on non-anchor carriers make proposals to address some of the open issues captured.
2 Discussion
2.1 Configuration
The Rel-13 configuration for NPRACH in RRC[2] has the following components:

· RACH-ConfigCommon-NB, which contains generic random access parameters.

· NPRACH-ConfigSIB-NB which contains the NPRACH configuration in the system information.
RACH-ConfigCommon-NB information element
-- ASN1START
RACH-ConfigCommon-NB-r13 ::=

SEQUENCE {


preambleTransMax-CE-r13



PreambleTransMax,


powerRampingParameters-r13


PowerRampingParameters,


rach-InfoList-r13




RACH-InfoList-NB-r13,

connEstFailOffset-r13



INTEGER (0..15)




OPTIONAL,
-- Need OP

...

}

RACH-InfoList-NB-r13 ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF RACH-Info-NB-r13

RACH-Info-NB-r13
::=

SEQUENCE {


ra-ResponseWindowSize-r13


ENUMERATED {











pp2, pp3, pp4, pp5, pp6, pp7, pp8, pp10},


mac-ContentionResolutionTimer-r13
ENUMERATED {











pp1, pp2, pp3, pp4, pp8, pp16, pp32, pp64}

}

-- ASN1STOP
The parameters in RACH-ConfigCommon-NB provide common configuration for the RACH procedures.  Some of the parameters are defined per enhanced coverage level, but in this case the parameters are defined using units which are independent of the NPRACH resource or NPDCCH configuration (eg PDCCH periods). The common configuration therefore does not need to be configured per carrier.

Proposal 1: The parameters in RACH-ConfigCommon-NB are used by anchor and non-anchor carriers.

NPRACH-ConfigSIB-NB information elements
-- ASN1START
NPRACH-ConfigSIB-NB-r13 ::=


SEQUENCE {


nprach-CP-Length-r13



ENUMERATED {us66dot7, us266dot7},


rsrp-ThresholdsPrachInfoList-r13
RSRP-ThresholdsNPRACH-InfoList-NB-r13 
OPTIONAL,
-- need OR

nprach-ParametersList-r13   

NPRACH-ParametersList-NB-r13   

}

NPRACH-ParametersList-NB-r13 ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-r13

NPRACH-Parameters-NB-r13::=  

SEQUENCE {


nprach-Periodicity-r13 




ENUMERATED {ms40, ms80, ms160, ms240, 














ms320, ms640, ms1280, ms2560},

nprach-StartTime-r13




ENUMERATED {ms8, ms16, ms32, ms64, 














ms128, ms256, ms512, ms1024},

nprach-SubcarrierOffset-r13



ENUMERATED {n0, n12, n24, n36, n2, n18, n34, spare1},


nprach-NumSubcarriers-r13



ENUMERATED {n12, n24, n36, n48},


nprach-SubcarrierMSG3-RangeStart-r13
ENUMERATED {zero, oneThird, twoThird, one},


maxNumPreambleAttemptCE-r13



ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1},


numRepetitionsPerPreambleAttempt-r13
ENUMERATED {n1, n2, n4, n8, n16, n32, n64, n128},


npdcch-NumRepetitions-RA-r13


ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128, 















r256, r512, r1024, r2048, 















spare4, spare3, spare2, spare1},


npdcch-StartSF-CSS-RA-r13



ENUMERATED {v1dot5, v2, v4, v8, v16, v32, v48, v64},

npdcch-Offset-RA-r13




ENUMERATED {zero, oneEighth, oneFourth, threeEighth}

}

RSRP-ThresholdsNPRACH-InfoList-NB-r13 ::= SEQUENCE (SIZE(1..2)) OF RSRP-Range

-- ASN1STOP
The NPRACH parameters (NPRACH-Parameters-NB) can be broadly split into 2 categories:

· NPRACH resource configuration for the UL carrier
· NPDCCH configuration for the CSS_RA
The configuration of the NPRACH resource configurations on the UL carrier defines timing, number of repetitions and subcarriers used for a NPRACH resource. If the load balancing between non-anchor carriers permits uneven load then the ability to configure different NPRACH resources per non-anchor is required. Even without the load balancing aspect we believe that if all non-anchor carriers are required to have the same configuration imposes unnecessary additional restrictions on the resource allocations.
Not all the carriers used for RACH may use the same transmission power, therefore some parameters such as the number of repetitions for NPDCCH (npdcch-NumRepetitions-RA) may need to be different for the different power levels each carrier supports.  As the number of NPDCCH repetitions on each carrier may be different the timing parameters which control the timing of NPDCCH (npdcch-StartSF-CSS-RA and npdcch-Offset-RA) should also be configurable to account for the different number of NPDCCH repetitions.

Proposal 2:  The NPRACH resource and NPDCCH configuration can be configured independently for the anchor carrier and each non-anchor carrier.
In addition to the NPRACH resource and NPDCCH configuration parameters, the frequency and other associated physical layer information for the UL and DL carriers needs to be broadcast in system information, for example see CarrierConfigDedicated-NB.

Each sequence of NPRACH parameters should be associated with both a DL carrier for CSS_RA and an UL carrier for NPRACH resources.  An eNB may choose to reference a DL and/or UL carrier in multiple NPRACH resources, but even in this case the each NPRACH resource should be configured explicitly with the carrier information.
Proposal 3: Each NPRACH resource is explicitly configured with a DL and UL carrier.
If multiple NPRACH resources are configured with exactly the same DL carrier and NPDCCH configuration the RA-RNTI formula will not provide non-anchor separation, however this should not stop the system from working.

Even though each NPRACH resource should be explicitly configured with both a DL and UL carrier, it may not be necessary to always signal this information as the default TX-RX frequency separation from 36.301[3] may be used, for example in standalone cases.
Proposal 4: The default TX-RX frequency separation defined in 36.101 is used to optimize the DL and UL carrier signaling where possible.
As the amount of configuration data for each non-anchor carrier maybe large, methods to reduce the amount of configuration data broadcast should be used.  It is expected that many of the NPRACH resources will share a similar or identical configuration, therefore broadcasting the complete configuration for each NPRACH resource would not efficient.  A simple method to reduce the amount of data broadcast is delta configurations from a known baseline configuration. 

Depending upon the configuration it may be beneficial to indicate which NPRACH resource is considered the baseline for the deltas.  For example if the anchor configuration is significantly different to the non-anchor configurations and the non-anchor configurations are very similar, it would be more efficient to use a non-anchor configuration as the baseline for the deltas.
Proposal 5: Delta configuration from a signaled NPRACH configuration are used to reduce the amount of data broadcast in system information.
2.2 PRACH Resource and Carrier Selection
When a Rel-13 UE is determining which enhanced coverage level to use, the measured RSRP is used in the algorithm defined in 36.321[4] sub-clause 5.1.2 and the thresholds broadcast in RSRP-ThresholdsNPRACH-InfoList-NB.
Once the enhanced coverage level is determined the corresponding parameters for NPRACH (broadcast in NPRACH-Parameters-NB) for the determined enhanced coverage level are used for RACH.

A Rel-13 UE performs measurement on anchor carrier. Since the anchor carrier has configured system information and PSS / SSS, it is simple for Rel-14 UE to perform measurement on anchor carrier. 

Proposal 6: UE perform RSRP measurements on anchor carrier only for NPRACH carrier selection.

For RSRP threshold configuration on non-anchor carriers, there are 2 options can be considered:

· Option 1: RSRP thresholds are configured independently for each carrier.

· Option 2: RSRP thresholds are configured common for all carriers.
For option 1, different RSRP thresholds or offsets related to the configuration on anchor carrier need to be broadcasted in system information, which increases the signaling overhead and will have detrimental impact all UE’s power consumption. If the thresholds are independent the UE may have different enhanced coverage levels on different carriers, which will mean that the UE needs to select a carrier before it can determine its enhanced coverage level.  This will limit the flexibility of UE.

For option 2, only a single list of thresholds need to be included in system information. The UE performs measurements on the anchor carrier and compares it to the broadcast RSRP thresholds in order to determine its enhanced coverage level, and finally selects a NPRACH resource among the set of carriers (including anchor carrier and non anchor carrier) supporting this coverage level. The NPRACH/PDCCH parameters can be varied per carrier to account for variations in the carriers. This procedure is simple and efficient. 
Proposal 7: The RSRP Thresholds for Enhanced Coverage Level selection are common for anchor and non-anchor carriers.
After the enhanced coverage level has been determined which NPRACH resource and carrier to use for the RACH procedure needs to be determined. A set of candidate NPRACH resources/carriers should be constructed and then a selection from that set made. At RAN2#95 as captured in the NB-IoT session report[1], several methods were proposed, including:

· Paging carrier 
· Depending on CE level
· Randomly 
· Using UE ID 

· Load Balancing / Probability
There does not seem to be any need or benefit to connect the paging carrier with the NPRACH carriers, so there is no need to make the restriction.
For a NPRACH resource/carrier to be included in the set of possible carriers it has to support the determined enhanced coverage level. We believe further discussion is required on whether all carriers must support NPRACH resources for all the possible enhances coverage levels in the cell.  This is a slightly separate issue from which NPRACH resource/carrier is selected, as it can determine which candidates are included in the set to select from. 

Proposal 8: RAN2 to discuss whether all carriers (anchor and non-anchor) must support the same number of enhanced coverage levels.
As NPRACH resources on the carriers may be configured with different amounts of NPRACH resources (number of subcarriers, periodicity etc), some form of configuration is required to balance the load between them.  If the choice of carrier is purely random, then on average all the carriers will have the same RACH load, but if the configurations are different this will result in some carriers having higher collision rates, which is not desirable. 
However a random aspect to the load balancing/probability methods should be included, in order to avoid pathological situations, where perhaps a carrier does not perform very well for a NPRACH for a specific UE, and that carrier is always selected because some configured property of the UE, for example an identity, is used to determine which carrier(s) to use. If full synchronization between the UE and eNB was required then a known identity would be useful, however there does not seem to be any need for this full synchronization.
If each carrier, including the anchor carrier, is provided with a probability of selection then the collision rate / load can be balanced against the amount of NPRACH physical resources.

The access probabilities can be signalled in system information, such as SIB2. It is not expected that the probabilities will not change frequently, therefore there should be little/no impact to the system information validity, so the UE will not need to repeatedly reacquire system information. 
The anchor and non-anchor carriers should be treated the same for the purposes of NPRACH resource selection. Over time as the population of UEs in the field move from supporting Rel-13 to later releases, the ratio of UEs that can only use the anchor carrier vs those which can use the non-anchor will change, with Rel-13 UEs reducing in number, therefore the anchor carrier load will also reduce from Rel-13 UEs will reduce.
The use of probabilities is a 3 step procedure:

· Step 1: The access probability of each carrier including anchor carrier and non-anchor carriers is broadcasted in system information. The carriers can be numbered from 1 to n, n is the total number of carriers. The access probability of each carrier is expressed as P(i). The sum of all probabilities is 1.
· Step 2: UE draw a random number 'rand' uniformly distributed in the range: 0 < rand < 1.

· Step 3: Accumulate the probability of each carrier one by one. The UE compares the random number to the calculation of probabilities and selects carrier according to the comparison result. Each probability represents the corresponding carrier. This procedure can be expressed as follows:
If P(1) + … + P(j) ≤ rand < P(1) + … + P(j+1) then 
UE selects the carrier ‘j+1’ to perform RACH
For example:

With 4 carriers, an anchor and 3 non-anchor carriers, and the following access probabilities:

· Anchor carrier (1) probability is 0.1, and 
· non-anchor carriers (2, 3 & 4) have probabilities of 0.2, 0.3 & 0.4 respectively.
The UE draws the random number 0.5 and then performs the comparison:  

0.1 + 0.2 ≤ 0.5 < 0.1 + 0.2 + 0.3, then UE will select non-anchor carrier (3) to access, as shown in Figure 1.
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Figure 1 Example NPRACH Carrier Selection

Proposal 9: The UE selects a carrier from all the carriers which support the determined enhanced coverage level using random selection and the configured probability of a carrier being selected.
The existing procedure to select NPRACH resources does not consider whether the RACH procedure is being performed from RRC_IDLE or RRC_CONNECTED. We cannot find any motivation for changing how the carrier selection is performed depending upon whether it is initiated in RRC_IDLE or RRC_CONNECTED and do therefore do not see any additional procedures to support this.  
Proposal 10: RACH carrier selection uses the same procedure in RRC_IDLE and RRC_CONNECTED.

3 Conclusion

This contribution makes the following proposals to support NPRACH on multiple non-anchor carriers:

Proposal 1: The parameters in RACH-ConfigCommon-NB are used by anchor and non-anchor carriers.

Proposal 2:  The NPRACH resource and NPDCCH configuration can be configured independently for the anchor carrier and each non-anchor carrier.
Proposal 3: Each NPRACH resource is explicitly configured with a DL and UL carrier.
Proposal 4: The default TX-RX frequency separation defined in 36.101 is used to optimize the DL and UL carrier signaling where possible.
Proposal 5: Delta configuration from a signaled NPRACH configuration are used to reduce the amount of data broadcast in system information.
Proposal 6: UE perform RSRP measurements on anchor carrier only for NPRACH carrier selection.
Proposal 7: The RSRP Thresholds for Enhanced Coverage Level selection are common for anchor and non-anchor carriers.

Proposal 8: RAN2 to discuss whether all carriers (anchor and non-anchor) must support the same number of enhanced coverage levels.
Proposal 9: The UE selects a carrier from all the carriers which support the determined enhanced coverage level using random selection and the configured probability of a carrier being selected.
Proposal 10: RACH carrier selection uses the same procedure in RRC_IDLE and RRC_CONNECTED.

4 References

[1] R2-165842, Report from the IoT breakout sessions, Mediatek Inc. (Session Chair), RAN2#95, Göteborg, August 22-26, 2016.
[2] 3GPP TS36.331, Radio Resource Control (RRC), V13.2.0.
[3] 3GPP TS36.101, User Equipment (UE) radio transmission and reception, V13.4.0.

[4] 3GPP TS36.321, Medium Access Control (MAC), V13.2.0.
[5] RP-161324, New work item proposal: Enhancements for NB-IoT, Vodafone et al, RAN#72, 13th-16th June 2016, Busan, Korea.

6/6


0.1
0.3
0.6
1
0
0.1
0.2
0.3
0.4
Anchor
Carrier(1)
Non-anchor
Carrier(2)
Non-anchor
Carrier(3)
Non-anchor
Carrier(4)



