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1 Introduction

In the previous RAN2 meetings, there were some discussions about the non-anchor PRB enhancements for RACH with the following agreements [1], [2] while discussing R2-166210 [3] and R2-168156 [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).
· UE selects NPRACH resource (including selection of carrier) based on random draw.
· Use different carrier selection probability for anchor and non-anchor carriers. Detail signalling is FFS.
· UE performs NPRACH selection when UE fails to access on current carrier for every re-attempts in the same CE level.
· The NPRACH resource selection is done the same way every time, and does not take into account earlier failures. 
· maxNumPreambleAttemptCE and numRepetitionsPerPreambleAttempt in NPRACH resource configurations for all carriers are common.
· Parameters for NPRACH configuration other than maxNumPreambleAttemptCE and numRepetitionsPerPreambleAttempt for anchor carrier and non-anchor carrier should be set independently.
· RAN2 assumes that the feature may be mandatory but a new UE capability bit for IOT  is needed to indicate the support for non-anchor RACH. 
· Introduce configurations of UL non-anchor RA carriers in a new SIB.
· maxUL-NonAnchorCarriers-NB-r14 is 16

· Introduce configurations of NPRACH for non-anchor carriers (nprachNonAnchorConfig-r14) in a new SIB.



In this contribution we discuss the NPRACH carrier selection, RA-RNTI calculation and signalling optimisations for optional NPRACH resource configurations used for delta configuration.
2 Discussion
2.1 Anchor and non-anchor selection probability
At RAN2#96 it was agreed that the UE selects an NPRACH resource using random draw and that all the non-anchor carriers have the same probability of being selected.

In the email discussion of Multi-PRB RRC parameters [5]], discussion point 8 is related to the signalling of the weight / selection probability for the anchor and non-anchor carriers, with the email discussion assuming that a single value is signalled.
We examine the range of values used for the signalled probability. We assume the carrier selection should be performed based on drawing a single random number to select an NPRACH resource. It would be possible to have a 2 step procedure, for example to select whether to use the anchor carrier NPRACH resource or not, and then a draw a second random number to select which non-anchor NPRACH resource to use.
With the anchor probability being signalled, then the probability for each non-anchor can be calculated as:

nonAnchorProbabilityPercent = (100 – anchorProbabilityPercent) / numberOfnonAnchors.

For the range of possible values, we can find no motivation to use a fine grain selection probability.  If the RRC signalling for the probability uses 4 bits, then 16 steps of 6.25% each are possible, and if 3 bits are used then 8 steps of 12.5% are possible.

As the anchor probability is signalled, then signalling a value of 100% does not need to be considered, as if the RRC signalling for non-anchor carriers is absent, then there will be no non-anchor NPRACH resources to select, therefore all the UEs will use the anchor NPRACH resource. This also means that the IE that signals the probability does not need to be optional).
Proposal 1: The anchor NPRACH resource selection probability is signalled using 3 bits as follows: {0%, 12.5%, 25%, 37.5%, 50%, 62.5%, 75%, 87.5%}.
2.2
RA-RNTI

In the RAN2#95bis meeting, it has been agreed that different (multiple) NPRACH resources (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). 
The existing RA-RNTI calculation formula, RA-RNTI = 1 + floor(SFN_id / 4), only reflects the NPRACH period information. If multiple UEs use the same subcarrier index and send preambles at the same time, using different UL carriers, they will receive the same RAR MAC PDU using the same RA-RNTI and get the same RAR using the same RAPID when multiple UL carriers are associated with the same CSS_RA. In this case, in the contention resolution, since these UEs will have the same TC-RNTI, the RA procedure of only one UE can be successful. Other UEs need to backoff and retransmit the preambles, which is not power efficient. 

RA-RNTI is used to distinguish the RAR MAC PDU to the UEs using different NPRACH resources, it is proposed to introduce carrier information into RA-RNTI formula. Considering that the maxUL-NonAnchorCarriers-NB-r14 has been agreed to be 16, the proposed formula is as below:
RA-RNTI = 1 + carrier_id + 16 * floor(SFN_id/4)

Where carrier_id indicates the index of UL carrier used for the RA procedure. The value range or RA-RNTI is 1~4096.

Proposal 2: Introduce UL carrier index into the RA-RNTI formula: RA-RNTI = 1 + carrier_id + 16 * floor(SFN_id/4)

Where carrier_id indicates the index of UL carrier used for the RA procedure.
2.3 Optionality of NPRACH Parameters
Discussion point 7 in the email discussion of Multi-PRB RRC parameters [5] discuss the NPRACH resource configuration for non-anchor carriers. Using option b) from discussion point 6, the baseline structure from the Multi-PRB parameters email discussion is as follows:: 

NPRACH-ConfigList-NB-r14 ::=

SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF 












NPRACH-ParametersList-NB-r14

NPRACH-ParametersList-NB-r14 ::=
SEQUENCE (SIZE (0.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-r14
NPRACH-Parameters-NB-r14 ::=

SEQUENCE {


nprach-Parameters-r14



SEQUENCE {



nprach-Periodicity-r14 




ENUMERATED {ms40, ms80, ms160, ms240, 
















ms320, ms640, ms1280, ms2560} 














OPTIONAL,
-- NEED OP 



nprach-StartTime-r14




ENUMERATED {ms8, ms16, ms32, ms64, 
















ms128, ms256, ms512, ms1024}














OPTIONAL,
-- NEED OP



nprach-SubcarrierOffset-r14



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













OPTIONAL,
-- NEED OP



nprach-NumSubcarriers-r14



ENUMERATED {n12, n24, n36, n48} 














 OPTIONAL,
-- NEED OP



nprach-SubcarrierMSG3-RangeStart-r14
ENUMERATED {zero, oneThird, twoThird, one}













 
OPTIONAL,
-- NEED OP



npdcch-NumRepetitions-RA-r14


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
















r256, r512, r1024, r2048, 
















spare4, spare3, spare2, spare1} 














OPTIONAL,
-- NEED OP



npdcch-StartSF-CSS-RA-r14



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















OPTIONAL,
-- NEED OP



npdcch-Offset-RA-r14




ENUMERATED {zero, oneEighth, oneFourth, threeEighth}














OPTIONAL,
-- NEED OP



nprach-NumCBRA-StartSubcarriers-r14

ENUMERATED {n8, n10, n11, n12, n20, n22, n23, n24,
















n32, n34, n35, n36, n40, n44, n46, n48}














OPTIONAL,
-- NEED OP  


npdcch-CarrierIndex-r14




INTEGER (1..maxNonAnchorCarriers-NB-r14) 














OPTIONAL, 
-- Need OP 



...


}
OPTIONAL
-- Need OR

}

The structure contains 9 optional elements (highlighted), each of which requires a bit to signal whether they are present or not. As this structure can be repeated for up to 3 coverage levels on up to 16 carriers, in the worst case, there could be 432 bits signalling whether the parameters are present, in addition to the values that may be signalled.
As the probability of selection between the non-anchor NPRACH resources is equal, it is likely in the normal case that the amount of NPRACH resource will be same on all the non-anchor carriers.  We also believe that the NPRACH resource configuration will be different to the anchor carrier.  Typically the NPDCCH configurations will be the same, as the NPDCCH resource configuration will be related to the amount and timing of NPRACH resource.

To reduce the number of bits required to signal optionality of the ASN.1 IEs, two options are considered:

1)  All the IEs within the NPRACH-Parameters-NB-r14 are mandatory, but the NPRACH-Parameters-NB-r14 IE itself is optional.

2) The NPRACH and NPDCCH IEs are grouped into 2 SEQUENCE’s which are optional within NPRACH-Parameters-NB-r14.

Option1: All Parameters with NPRACH-Parmeters-NB-r14 Mandatory
In this option, the ASN.1 structure would be as follows: 

NPRACH-ParametersList-NB-r14 ::=
SEQUENCE (SIZE (0.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-r14
NPRACH-Parameters-NB-r14 ::=  SEQUENCE {


nprach-parameters-r14


SEQUENCE {


npdcch-CarrierIndex-r14 

INTEGER (1..maxNonAnchorCarriers-NB-r14) 
OPTIONAL, -- Need OP



nprach-params-r14



SEQUENCE {




nprach-Periodicity-r14 




ENUMERATED {ms40, ms80, ms160, ms240, 
















ms320, ms640, ms1280, ms2560}, 




nprach-StartTime-r14




ENUMERATED {ms8, ms16, ms32, ms64, 
















ms128, ms256, ms512, ms1024},



nprach-SubcarrierOffset-r14



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



nprach-NumSubcarriers-r14



ENUMERATED {n12, n24, n36, n48}, 




nprach-SubcarrierMSG3-RangeStart-r14
ENUMERATED {zero, oneThird, twoThird, one},



npdcch-NumRepetitions-RA-r14


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
















r256, r512, r1024, r2048, 
















spare4, spare3, spare2, spare1}, 




npdcch-StartSF-CSS-RA-r14



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




npdcch-Offset-RA-r14




ENUMERATED {zero, oneEighth, oneFourth, threeEighth},



nprach-NumCBRA-StartSubcarriers-r14

ENUMERATED {n8, n10, n11, n12, n20, n22, n23, n24,















n32, n34, n35, n36, n40, n44, n46, n48}



} 
OPTIONAL, -- Need OP



...


}
OPTIONAL, 
-- Need OR

}

In this example the 9 bits to control the optional fields for the NPRACH and NPDCCH parameters has been converted into a single optional bit (highlighted), making the overhead for all possible carriers 1 * 3 * 16 = 48 bits instead of 432 bits.
However with this structure, if any parameter needs to be changed between NPRACH resources, then the complete IE needs to be present.

Option2: Grouping NPRACH and NDPCCH parameters
As an alternative option, the NPRACH and NPDCCH parameters can be grouped into two SEQUENCE’s within NPRACH-Parameters-NB-r14, as shown below:
NPRACH-ParametersList-NB-r14 ::=
SEQUENCE (SIZE (0.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-r14
NPRACH-Parameters-NB-r14 ::=  SEQUENCE {


nprach-parameters-r14


SEQUENCE {


npdcch-CarrierIndex-r14 

INTEGER (1..maxNonAnchorCarriers-NB-r14) 
OPTIONAL, -- Need OP



nprach-params-r14



SEQUENCE {




nprach-Periodicity-r14 




ENUMERATED {ms40, ms80, ms160, ms240, 
















ms320, ms640, ms1280, ms2560}, 




nprach-StartTime-r14




ENUMERATED {ms8, ms16, ms32, ms64, 
















ms128, ms256, ms512, ms1024},



nprach-SubcarrierOffset-r14



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



nprach-NumSubcarriers-r14



ENUMERATED {n12, n24, n36, n48}, 




nprach-SubcarrierMSG3-RangeStart-r14
ENUMERATED {zero, oneThird, twoThird, one},



nprach-NumCBRA-StartSubcarriers-r14

ENUMERATED {n8, n10, n11, n12, n20, n22, n23, n24,















n32, n34, n35, n36, n40, n44, n46, n48}



} 
OPTIONAL, -- Need OP


npdcch-params-r14



SEQUENCE {




npdcch-NumRepetitions-RA-r14


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
















r256, r512, r1024, r2048, 
















spare4, spare3, spare2, spare1}, 




npdcch-StartSF-CSS-RA-r14



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




npdcch-Offset-RA-r14




ENUMERATED {zero, oneEighth, oneFourth, threeEighth},


} 
OPTIONAL, -- Need OP



...


}
OPTIONAL, 
-- Need OR

}

In this example the 9 bits to control the optional fields for the NPRACH and NPDCCH parameters has been converted into a 2 optional bits (highlighted), making the overhead for all possible carriers 2 * 3 * 16 = 96 bits instead of 432 bits.

With this example, the impact of having to change a single parameter of NPRACH resource configuration is limited to having to include all the NPRACH or NPDCCH part of the resource configuration.  If changes are required in both parts then there is no advantage compared to the above example.
There may be some case where the NPDCCH configuration may change for some non-anchor carriers for example because of power boosting, which could result in fewer repetitions.
To achieve the maximum savings of optional bits all the NPRACH resource parameters should be made mandatory, and nested within another optional IE, as shown above.

Proposal 3: NPRACH resource configuration is split into NPRACH parameters and NPDCCH parameters, with each group being optionally included in NPRACH-Parameters-NB-r14 for delta configuration.
2.4 Delta Configuration

As discussed in the previous section, in the normal case the non-anchor carriers will likely have the same configuration for NPRACH resources for each coverage level.

RAN2 has agreed previously to use delta configuration, but the reference for the delta configuration needs to be considered.  

As the non-anchors carriers are likely to have different NPDCCH configurations to the anchor carrier, if delta configuration is from the anchor NPRACH resource for the same coverage level, then all of the non-anchor NPRACH parameters are likely to have to be redefined in every used NPRACH resource, and no benefit will be gained.
Figure 1 shows the logical view of the NPRACH resource configuration using option b) in discussion point 6 in [5].
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Figure 1 Logical View of Option b) non-anchor NPRACH resource configuration
To get the benefit from delta configuration, the deltas should be based on the previous NPRACH resource configuration in the per carrier list of NPRACH resources.  The previous entry (i.e. the finally constructed configuration from “inherited” values from the previous entry and “overriden” values defined in the entry), is then used as the “base” for the next entry in the list.

The “inheritance” of configuration is represented by the red line in Figure 1.
For the first entry in the carrier list, the delta configuration can be based on the anchor carrier. 

Proposal 4: Delta configuration is based on the previous non-anchor configuration and not on the anchor configuration.
3 Conclusion

In this contribution we discuss the NPRACH carrier selection, RA-RNTI calculation and signalling optimisations for optional NPRACH resource configurations used for delta configuration. The corresponding proposals are listed below:

Proposal 1: The anchor NPRACH resource selection probability is signalled using 3 bits as follows: {0%, 12.5%, 25%, 37.5%, 50%, 62.5%, 75%, 87.5%}.

Proposal 2: Introduce UL carrier index into the RA-RNTI formula: RA-RNTI = 1 + carrier_id + 16 * floor(SFN_id/4)

Where carrier_id indicates the index of UL carrier used for RA procedure.
Proposal 3: NPRACH resource configuration is split into NPRACH parameters and NPDCCH parameters, with each group being optionally included in NPRACH-Parameters-NB-r14 for delta configuration
Proposal 4: Delta configuration is based on the previous non-anchor configuration and not on the anchor configuration.
4
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