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1 Introduction
For multi-carrier PRACH, there have the following agreements in the RAN2#95bis meeting:

	1. Common RACH configurations on all carriers. 

2. One of the following two options should be used for non-anchor carrier NPRACH configuration. 

· Option1. The NPRACH resource configurations for different non-anchor carriers are independent. 

· Option2. Part of the NPRACH resource configurations for different non-anchor carriers are common and sent in common NPRACH configuration, different configurations for each carrier are sent independently.

3. UL carrier and DL carrier is configured by signalling, such as SIB2. 

4. Different (multiple) NPRACH resource (UL non-anchor carrier) might be associated with one DL carrier, and potentially with the same CSS_RA resource (still one NPRACH resource only refer to one DL carrier and one CSS_RA resource).

5. Anchor carrier RSRP should be used for NPRACH selection.

6. Anchor carrier and non-anchor carrier(s) should be used for carrier selection in case of RRC_IDLE and RRC_CONNECTED.

7. UE should determine its coverage enhancement level and select NPRACH resource in available NPRACH resources for that coverage level in case of RRC_IDLE.

8. UE selects NPRACH resource based on a randomization function. It is FFS whether UE should select NPRACH resource based on random draw or based on a pseudo-random function based on UE_ID in case of RRC_IDLE. 

9. It is FFS whether load balancing / uneven probability between carriers is used. 

10. NPRACH resource selection in CONNECTED is that same as in IDLE except for PDCCH order. 

11. RAN2 assumes that for access procedure initiated by PDCCH order, carrier, preamble/subcarrier index and the NPRACH repetition level are explicitly indicated in the DCI format. Confirm with RAN1.

12. Specific mechanism for carrier selection should not be applied in case of mo-ExceptionData.

13. It is FFS if the UE performs NPRACH selection when UE fails to access on current carrier for every re-attempts in the same CE level, or only when the UE need to change CE level


In this paper, we will further analyze the remaining issues and give our proposals for making better use of non-anchor carriers in the random access procedure.
2 Discussion
2.1 PRACH configuration
After #95bis meeting, there still have two options for non-anchor carrier NPRACH configuration: 

Option1. The NPRACH resource configurations for different non-anchor carriers are independent.
Option2. Part of the NPRACH resource configurations for different non-anchor carriers are common and sent in common NPRACH configuration, different configurations for each carrier are sent independently.
Option 1 provides configuration flexibility. However, there may have large number of additional NPRACH resource items and much redundant information will exist, that may cause significant signalling overhead.
Option 2 may be signalling efficient. Considering current NPRACH parameters are configured for each specific CE level (i.e., a NPRACH parameter set for each CE level), to let different non-anchor carriers share the NPRACH configuration for a specific CE level could be a feasible method for the option 2. With this method, existing NPRACH configuration structure can also be re-used as much as possible to minimize signalling overhead. 
Proposal 1: The option that different non-anchor carriers may have some common configuration could be considered. To let different non-anchor carriers share the NPRACH configuration for a specific CE level could be a feasible method for such option.

Further based on the agreements #3 and #4, we suggest configuring CE level specific uplink/downlink carrier information along with the NPRACH configuration as following.  
At the first step basic information for all the non-anchor carriers, at least the carrier frequency could be broadcasted. The IE CarrierConfigDedicated-NB-r13 can be reused for configuring each non-anchor carrier. 
Then based on the broadcasted non-anchor carrier information, an uplink carrier list (may be a subset of broadcasted uplink non-anchor carriers) for each CE level could be appended into the specific NPRACH resource for a CE level (which may be in existing NPRACH configuration for anchor carrier or in a new NPRACH configuration for non-anchor carrier). By the default, all the items in this list share the uplink NPRACH configuration for this CE level. And one downlink carrier needs to be configured for each CE level as the associated CSS_RA.
A configuration example is as following:
SystemInformationBlockTypeX-NB ::=
SEQUENCE {
......
nonAnchorCarrierList-r14              NonAnchorCarrierList-NB-R14
NonAnchorCarrierList-NB-r14      ::=
SEQUENCE (

dl-NonAnchorCarrierConfig-r14

DL-NonAnchorCarrierConfig-r14,

ul-NonAnchorCarrierConfig-r14

UL-NonAnchorCarrierConfig-r14
}
DL-NonAnchorCarrierConfig-r14      ::=
SEQUENCE (SIZE (1..maxDLNonAnchorCarrier)) OF CarrierFreq-NB-r14
UL-NonAnchorCarrierConfig-r14      ::=
SEQUENCE (SIZE (1..maxULNonAnchorCarrier)) OF CarrierFreq-NB-r14
......
RadioResourceConfigCommonSIB-NB-r13 ::=
SEQUENCE {

rach-ConfigCommon-r13 




RACH-ConfigCommon-NB-r13,

bcch-Config-r13 



BCCH-Config-NB-r13,

pcch-Config-r13 



PCCH-Config-NB-r13,


nprach-Config-r13





NPRACH-ConfigSIB-NB-r13,


npdsch-ConfigCommon-r13




NPDSCH-ConfigCommon-NB-r13,


npusch-ConfigCommon-r13




NPUSCH-ConfigCommon-NB-r13,

dl-Gap-r13







DL-GapConfig-NB-r13  OPTIONAL, -- Need OP

uplinkPowerControlCommon-r13


UplinkPowerControlCommon-NB-r13,

...

[[

nprach-Config-r14





NPRACH-ConfigSIB-NB-r14,
]]
}
NPRACH-ConfigSIB-NB-r14::=


SEQUENCE {


nprach-ParametersList-r14   

NPRACH-ParametersList-NB-r14   
}

NPRACH-ParametersList-NB-r14 ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-r14
NPRACH-ParametersList-NB-r14::=  

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}
npdcch-CarrierConfig-r14      CarrierFreq-NB-r14
nprach-CarrierConfig-r14::=   SEQUENCE (SIZE (1.. maxNPRACH-ULCarrier-CE)) OF CarrierFreq-NB-r14
}
-- ASN1STOP
If different NPRACH configuration is required between anchor carrier and non-anchor carriers or among non-anchor carriers, it can also be achieved based on above suggested configuring way. A delta NPRACH configuration can be presented for one or some selected non-anchor carriers, e.g, through the construction extension of nprach-CarrierConfig-r14.
If we consider the capacity requirement for CE level may be different, to configure a varying number of UL non-anchor carriers for each CE level can provide flexibility to meet such capacity requirement.
Proposal 2: CE level specific uplink/downlink carrier information (a UL carrier list and a DL carrier) should be considered for NPRACH configuration. 
Based on proposal 1, a UL carrier list and a DL carrier should be configured for each CE level. With such configuration, it can be possible that two different UEs in same CE level who choose different UL carrier for preamble transmission, will use the same RA-RNTI during overlapping RA response windows and monitor the same CSS_RA to receive NPDCCH. This may lead to a UE searching for NPDCCH not for that UE, thus potentially leading to higher contention probability. To avoid this issue, the simplest way is to introduce carrier id into the RA-RNTI formula as following: 
RA-RNTI=1+ floor(SFN_id/4) + 256 * Carrier_id
where SFN_id is the index of the first radio frame of the specified PRACH. Carrier_id is the index of the specified UL carrier for preamble transmission.
If there has concern about RA-RNTI value size, another way is to include the carrier id into the reserved bits in RAR since UL grant has been shrinked in NB-IoT.

Proposal 3: To introduce carrier id information into the RA-RNTI formula or in RAR. 
2.2 Carrier selection/reselection for preamble transmission
There already has the agreement that anchor carrier and non-anchor carrier(s) should be used for carrier selection in case of RRC_IDLE and RRC_CONNECTED. At the initial deployment of R14, it’s recommended to use non-anchor carriers as much as possible in order to make full use of capacity of non-anchor carriers. As time goes by, the policy may be changed, e.g., the load balance between anchor carrier and non-anchor carrier would be more needed. Considering such case, dynamic policy needs to be supported. So it’s suggested that the network indicates whether the anchor carrier can be used for NPRACH transmission through explicit indication.
Proposal 4: It’s suggested that the network dynamically indicates whether the anchor carrier can be used for NPRACH transmission through explicit indication.
For the FFS if the UE performs NPRACH selection when UE fails to access on current carrier for every re-attempts in the same CE level, or only when the UE need to change CE level, per our understanding, in order to avoid continuous preamble transmission failure on one carrier, carrier selection can be applied not only when the UE need to change CE level, but also after unsuccessfully preamble transmission in the current CE level. Further considering frequent carrier reselection may cause more UE power consumption, a simple suggested way is to do carrier reselection only after UE fails to access on current carrier for a pre-defined number of re-attempts. The pre-defined number can be UE implementation or just a proportion value of maximum attempts number for this CE level. In order to avoid improper setting for PREAMBLE_RECEIVED_TARGET_POWER after carrier reselection, it’s also suggested to do such carrier reselection only in the enhanced coverage levels excluding level 0 (i.e. when the PREAMBLE_RECEIVED_TARGET_POWER is set corresponding to the max power).
Proposal 5: It’s suggested that the UE can do carrier reselection after UE fails to access on current carrier for a pre-defined number of re-attempts when the PREAMBLE_RECEIVED_TARGET_POWER is set corresponding to the max power.

After #95bis meeting, it’s FFS whether UE should select NPRACH resource based on random draw or based on a pseudo-random function based on UE_ID. And it’s FFS whether load balancing / uneven probability between carriers is used.
For the first FFS, at least we think if multi carrier selection algorithm is only based on random draw, it’s hard to do test. That is, it’s hard to confirm whether or not the UE uses such carrier selection algorithm. That is one reason why some existing multi carrier selection mechanisms in LTE specification are not based on random draw but based on UE_ID. However, if multi carrier selection algorithm is only based on UE_ID, a UE may always choose the certain carrier, which may lead the algorithm to unsatisfied distributing/load balancing performance. So it’s better to further consider the optimization for carrier selection algorithm based on UE_ID.
For the second FFS, as we mentioned before, at this stage we haven't seen much necessity to configure different NPRACH parameters for different non-anchor carriers since it’s very likely that the uplink non-anchor carriers have similar characteristics. So there is no obvious intention to configure uneven probability among non-anchor carriers. And uneven probability between anchor carrier and non-anchor carrier can be achieved by explicit indication of whether the anchor carrier can be used for NPRACH transmission. 
Proposal 6: The multi carrier selection mechanism based UE_ID should be defined as baseline for carrier selection in PRACH procedure for NB-IoT. Further optimization can be considered.

As mentioned in [1], a time factor can be considered in carrier selection mechanism which can enable that the same UE chooses different carrier at the different time to initial random access. This optimization will bring more even carrier selection results. 
The considering time factor may be the time when the UE starts PRACH procedure (SFN_id) or the time determined by one of the time domain parameters in the PRACH resource chosen by the UE. A sample carrier selection formula with time factor is as following:

(UE_ID + SFN_id) mod Npa, 

where SFN_id is the index of the first radio frame of the specified PRACH, 

Npa is the total number of available carriers for PRACH for the selected CE level
Proposal 6a：It’s suggested introducing a time factor into PRACH carrier selection formula to avoid that the UE always chooses the certain carrier.
However, if we think that the carriers may have different load since the non-anchor carriers can be used for service transmission, network-assisted load balancing can be further considered. There already has carrier distribution/redistribution mechanism in current specification as following: 
	TS 36.304 

5.2.4.10.1
Redistribution target selection

The UE shall compile a sorted list of one or more candidate redistribution targets, and for each candidate entry [j] a valid redistrFactor[j], in which entries are added in increasing index order starting with index 0 as follows:

-
for the serving frequency (redistributionFactorServing is included in SystemInformationBlockType3 whenever redistribution is configured):
-
the serving cell if redistributionFactorCell is included;

-
otherwise the serving frequency;

-
In both cases, redistrFactor[0] is set to redistributionFactorServing;
-
for each entry in InterFreqCarrierFreqList and subsequent for each entry in InterFreqCarrierFreqListExt:
-
the cell ranked as the best cell on this frequency according to section 5.2.4.6 if redistributionNeighCellList is configured and includes this cell;

-
otherwise, the concerned frequency if redistributionFactorFreq is configured and if at least one cell on the frequency fullfills the cell selection criterion S defined in 5.2.3.2;
-
If the cell is included, redistrFactor[j] is set to the corresponding redistributionFactorCell; If the frequency is included, redistrFactor[j] is set to the corresponding redistributionFactorFreq;
The UE shall choose a redistribution target as follows:
-
If [image: image2.png]uelD < 100 = redistrRange [0]



, the UE shall choose the frequency or the cell corresponding to redistrFactor[0] as its redistribution target or;

-
If [image: image4.png]100 » K27 redistrRange [j] < uelD <




, then the UE shall choose the frequency or cell corresponding to redistrFactor[i] as its redistribution target;

-
ueID = IMSI mod 100;

The redistrRange[i] of E-UTRAN frequency or cell is defined by:
 SHAPE  \* MERGEFORMAT 






We can refer to such mechanism to define broadcasted “redistrFactor” for different PRACH carriers (anchor carrier and non-anchor carriers). The carrier with higher load may have lower “redistrFactor” value.
In such mechanism, if the “redistrFactor” is unchanged for a long time, the issue that the UE always chooses the certain carrier may still exist. Based on the analysis for proposal6 and 6a, it also can be considerable to replace the UE_ID with a factor combined with UE_ID and time factor, such as f(UE_ID+ SFN_id).
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:
Proposal 1: The option that different non-anchor carriers may have some common configuration could be considered. To let different non-anchor carriers share the NPRACH configuration for a specific CE level could be a feasible method for such option.

Proposal 2: CE level specific uplink/downlink carrier information (a UL carrier list and a DL carrier) should be considered for NPRACH configuration. 

Proposal 3: To introduce carrier id information into the RA-RNTI formula or in RAR. 
Proposal 4: It’s suggested that the network dynamically indicates whether the anchor carrier can be used for NPRACH transmission through explicit indication.
Proposal 5: It’s suggested that the UE can do carrier reselection after UE fails to access on current carrier for a pre-defined number of re-attempts when the PREAMBLE_RECEIVED_TARGET_POWER is set corresponding to the max power.

Proposal 6: The multi carrier selection mechanism based UE_ID should be defined as baseline for carrier selection in PRACH procedure for NB-IoT. Further optimization can be considered.

Proposal 6a：It’s suggested introducing a time factor into PRACH carrier selection formula to avoid that the UE always chooses the certain carrier.
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