
3GPP TSG-RAN WG2 Meeting #101                                                             R2-1803115

Athens, Greece, 26th February - 2nd March 2018
Source:
ZTE, Sanechips

Title:
Consideration on the signaling structure for RA
Agenda Item:
10.4.3.2
Document for:
Discussion & Decision
1. Introduction

The intention of this contribution is to discuss the issues identified in the ASN.1 review for RA related parameters, and mainly focuses on the following two issues:

· Preambles reserved for SI request 

· RA resources for CFRA/CF-BFRR

2. Discussion
2.1. Preambles reserved for SI request 

The definition of RAP ID given in 38.321 is as follows:
-------------------------------------------------- From 38.321 start -----------------------------------------------------

-
RAPID: The Random Access Preamble IDentifier field identifies the transmitted Random Access Preamble (see subclause 5.1.3). The size of the RAPID field is 6 bits. If the RAPID in the MAC subheader of a MAC subPDU corresponds to one of the Random Access Preambles configured for SI request, MAC RAR is not included in the MAC subPDU.
-------------------------------------------------- From 38.321 end  -----------------------------------------------------
Based on the description above, it can be observed that the UE needs to derive the existence of RAR based on the usage of RAPID, which is based on the assumption that the UE can know which preambles are reserved for SI request. However, in the current ASN.1 for CBRA, since the on demand SI is not required for EN-DC UEs, the configuration of preamble reserved for SI request is missing.
Observation 1: According to the current MAC specs, for the MAC PDU of Random Access Response, the UE needs to determine the existence of RAR based on the usage of RAPID (i.e. whether the RAPID is reserved for SI request or not). However, the since the on demand SI is not required for EN-DC UEs, the configuration of preamble reserved for SI request is missing.

Without the information about the preambles reserved for SI request, the UE cannot distinguish whether a RAPID is followed by a RAR. Considering the coexistence of EN-DC UEs and SA UEs in the future, in order to support compatibility with legacy NE-DC UEs, if the NW wants to enable the on demand SI function, the NW has to configure the preambles for SI request with a different set of time/frequency locations, which will lead to a waste of radio resources. 

Observation 2: If the information about the preambles reserved for SI request is not included, considering the coexistence of EN-DC UEs and SA UEs in one cell, in order to support compatibility with the legacy EN-DC UEs, the NW has to configure the preambles for SI request with a different set of time/frequency resource, which will lead to a waste of radio resources.

Therefore, in order to avoid the waste of the radio resources and keep alignment with the UP specs, we propose to include the configuration of preambles reserved for SI request in the EN-DC version of the RRC spec. Similar as the configuration of preambles for CBRA, we think the number of preambles reserved for SI request should be the same for each SSB and propose to introduce an IE “numberOfRA-PreamblesSIRequest” to indicate the number of preamble reserved for SI request for each SSB. Besides the “numberOfRA-PreamblesSIRequest”, the association between the preamble and the “SI to request” should also be configured to UE for the SI request. However, considering the function of on demand SI is not required for EN-DC UEs and the discussion on the association between the preamble and SI is quite immature, we think the configuration of the association between preamble and SI can be left to later release for SA operation.

Proposal 1: An IE “numberOfRA-PreamblesSIRequest” should be introduced in the ASN.1 release for EN-DC to indicate the number of preamble reserved for SI request for each SSB, and the configuration for the association between preamble and SI can be left to later release for SA operation.
2.2. RA resources for CFRA/CF-BFRR
The intention of this section is to discuss the configuration of ra-Resources for CFRA and CF-BFRR (i.e. contention free beam failure recovery rach procedure). 

The PRACH occasions for CBRA are defined by the parameters PRACHConfigurationIndex, prach-frequency-start and prach-FDM. For the relationship between the RA resources for CFRA/CF-BFR and the RA resources for CBRA, three possible alternatives can be identified as follows.

Alt 1: The CFRA/CF-BFRR PRACH occasions completely overlap with PRACH occasions for CBRA

The CFRA/CF-BFRR use different preamble indices than CBRA. Two example scenarios are given below:

· In scenarios with analog beamforming and multiple beams, e.g. 64 SSBs, a large number of time-multiplexed PRACH occasions for CBRA is required. Each such time-multiplexed PRACH occasion is associated with a single SSB, due to the analog Rx beamforming constraint. This typically results in low CBRA load per PRACH occasion, which means that a configuration with few preamble indices need to be allocated to CBRA, i.e. a small cb-preamblesPerSSB is configured. This leaves many preambles for CFRA/CF-BFRR. Adding more PRACH occasions dedicated to BFRR results in wasted UL resources, at least when the number of CONNECTED UEs is low to moderate.

· In scenarios with requirements on low control plane latency, the network needs to configure PRACH occasions for CBRA that are very dense in time. This typically results in low CBRA load per PRACH occasion, since the density in time is not based on the PRACH load but on the latency requirements. Hence, few preamble indices need to be allocated to CBRA, i.e. a small cb-preamblesPerSSB is configured. This leaves many preambles for CFRA/CF-BFRR. Adding more PRACH occasions dedicated to BFRR results in wasted UL resources, at least when the number of CONNECTED UEs is low to moderate.

Alt 2: The CFRA/CF-BFRR PRACH occasions are disjoint with PRACH occasions for CBRA

The CFRA/CF-BFRR PRACH occasions can be disjoint in time and/or frequency. Disjoint occasions in frequency can be achieved by using the same PRACHConfigurationIndex for CFRA/CF-BFRR as for CBRA, but a different frequency offset. Disjoint occasions in time can be achieved by using a different PRACHConfigurationIndex for CFRA/CF-BFRR than for CBRA. Two example scenarios are given below.

· If a gNB with beam correspondence cannot receive an SSB beam at the same time as a CSI-RS beam, due to its Rx beamforming implementation, then CFRA/CF-BFRR based on CSI-RS needs to be configured with PRACH occasions disjoint in time from the PRACH occasions for CBRA, which uses SSB.

· If CBRA uses a configuration such that all or almost all preambles indices are allocated to CBRA, e.g. ssb-perRACH-Occasion*cb-preamblesPerSSB=64 is configured, then additional disjoint PRACH occasions for CFRA/CF-BFRR is required. Adding disjoint FDMed PRACH occasions for CFRA/CF-BFRR may be the most suitable approach in many cases.

Alt 3: The CFRA/CF-BFRR PRACH occasions are partly overlapping with PRACH occasions for CBRA

In this case, PRACH occasions used for CBRA and other dedicated PRACH occasions can be used for CFRA/CF-BFRR. In the PRACH occasions also used for CBRA, CFRA/CF-BFRR needs to use different preamble indices. This is attractive in scenarios in which the number of preamble indices allocated to CBRA per occasion is small. This means that a significant number of preambles can be used for CFRA/CF-BFRR. In the other (dedicated) PRACH occasions, any preamble index can be configured for CFRA/CF-BFRR. Two example scenarios are given below.

· In some scenarios, the number of available preambles for CFRA/CF-BFRR is not sufficient in PRACH occasions also used by CBRA. The CFRA/CF-BFRR capacity can be increased by adding one or more dedicated PRACH occasions FDMed with the PRACH occasion(s) used for CBRA. Overall, CFRA/CF-BFRR and CBRA would use partly overlapping PRACH occasions.

· In some scenarios, the number of available preambles for CFRA/CF-BFRR is sufficient in PRACH occasions also used by CBRA. However, there are many CBRA configurations which concentrate the PRACH occasions to one radio frame, typically following a radio frame with SSBs, leaving many (up to 15) radio frames completely without PRACH occasions for CBRA. To maintain CFRA/CF-BFRR latency, a denser PRACH occasion pattern is needed for CFRA/CF-BFRR. For example, in radio frames with PRACH occasions for CBRA, they could overlap with the PRACH occasions for CFRA/CF-BFRR. In radio frames without CBRA occasions, CFRA/CF-BFRR would require disjoint PRACH occasions. Overall, CFRA/CF-BFRR and CBRA would use partly overlapping PRACH occasions.

Taking the configuration of BFRR as an example, the three alternatives are illustrated in the figure below.
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Figure 1: Configuration of CF-BFRR and CBRA on overlapping (Alt 1), disjoint (Alt 2) or partly overlapping (Alt 3) PRACH occasions.

Based on the analysis given above, given that valid use cases for all the above alternatives exist, we propose that all three alternatives above should be supported, and separate configuration of PRACHConfigurationIndex, prach-frequency-start and prach-FDM should be supported for CFRA (at least for the CFRA with CSI-RS) and CF-BFRR.

Observation 3: CFRA (at least for the CFRA with CSI-RS)/CF-BFRR could be configured on overlapping (Alt 1), disjoint (Alt 2) or partly overlapping (Alt 3) PRACH occasions with CBRA.
Proposal 2: The following parameters should be introduced in BeamFailureRecoveryConfig and RACH-ConfigDedicated:
· PRACHConfigurationIndex, 

· prach-frequency-start 

· prach-FDM
3. Conclusion

Based on the analysis given above, we give our observation and proposal as follows:
Preambles reserved for SI request

Observation 1: According to the current MAC specs, for the MAC PDU of Random Access Response, the UE needs to determine the existence of RAR based on the usage of RAPID (i.e. whether the RAPID is reserved for SI request or not). However, the since the on demand SI is not required for EN-DC UEs, the configuration of preamble reserved for SI request is missing.

Observation 2: If the information about the preambles reserved for SI request is not included, considering the coexistence of EN-DC UEs and SA UEs in one cell, in order to support compatibility with the legacy EN-DC UEs, the NW has to configure the preambles for SI request with a different set of time/frequency resource, which will lead to a waste of radio resources.

Proposal 1: An IE “numberOfRA-PreamblesSIRequest” should be introduced in the ASN.1 release for EN-DC to indicate the number of preamble reserved for SI request for each SSB, and the configuration for the association between preamble and SI can be left to later release for SA operation.
RA resources for CFRA/CF-BFRR

Observation 3: CFRA (at least for the CFRA with CSI-RS)/CF-BFRR could be configured on overlapping (Alt 1), disjoint (Alt 2) or partly overlapping (Alt 3) PRACH occasions with CBRA.
Proposal 2: The following parameters should be introduced in BeamFailureRecoveryConfig and RACH-ConfigDedicated:
· PRACHConfigurationIndex, 

· prach-frequency-start 

· prach-FDM
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5. Annex

The suggested changes to the ASN.1 can be found as follows:
5.1. Changes to RACH-ConfigCommon
–
RACH-ConfigCommon
The RACH-ConfigCommon IE is used to specify the cell specific random-access parameters.

RACH-ConfigCommon information element

-- ASN1START

-- TAG-RACH-CONFIG-COMMON-START

RACH-ConfigCommon ::= 



SEQUENCE {


-- Generic RACH parameters 


rach-ConfigCommonGeneric


RACH-ConfigCommonGeneric,


groupBconfigured 




SEQUENCE {



-- FFS: ra-Msg3SizeGroupA values



ra-Msg3SizeGroupA




ENUMERATED {b56, b144, b208, b256, b282, b480, b640, b800, b1000, spare7, spare6, spare5,












spare4, spare3, spare2, spare1},



-- Threshold for preamble selection.  Value in dB.  Value minusinfinity corresponds to –infinity.  



-- Value dB0 corresponds to 0 dB, dB5 corresponds to 5 dB and so on. (see FFS_Spec, section FFS_Section)



messagePowerOffsetGroupB


ENUMERATED { minusinfinity, dB0, dB5, dB8, dB10, dB12, dB15, dB18},



numberOfRA-PreamblesGroupA


FFS_Value


}






























OPTIONAL,


-- The initial value for the contention resolution timer (see 38.321, section 5.1.5)


ra-ContentionResolutionTimer


ENUMERATED { sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64},


-- Msg1 (RA preamble): 


-- UE may select the SS block and corresponding PRACH resource for path-loss estimation and (re)transmission 


-- based on SS blocks that satisfy the threshold (see 38.213, section REF)


rsrp-ThresholdSSB





RSRP-Range


















OPTIONAL,


-- FFS: Provide proper description


-- Corresponds to L1 parameter 'SUL-RSRP-Threshold' (see FFS_Spec, section FFS_Section)


sul-RSRP-Threshold





RSRP-Range


















OPTIONAL,


-- PRACH configuration index. Corresponds to L1 parameter 'PRACHConfigurationIndex' (see 38.211, section 6.3.3.2)


prach-ConfigurationIndex



INTEGER (0..255),


-- PRACH root sequence index. Corresponds to L1 parameter 'PRACHRootSequenceIndex' (see 38.211, section 6.3.3.1).


-- The value range depends on whether L=839 or L=139


prach-RootSequenceIndex




CHOICE {



l839








INTEGER (0..837),



l139








INTEGER (0..137)


},


-- Subcarrier spacing of PRACH. Corresponds to L1 parameter 'prach-Msg1SubcarrierSpacing' (see 38.211, section FFS_Section)


msg1-SubcarrierSpacing




SubcarrierSpacing,


-- The number of PRACH transmission occasions FDMed in one time instance. 


-- Corresponds to L1 parameter 'prach-FDM' (see 38.211, section FFS_Section)


msg1-FDM







ENUMERATED {one, two, four, eight},


-- Offset of lowest PRACH transmission occasion in frequency domain with respective to PRB 0 of initial active UL BWP(s).


-- The value is configured so that the corresponding RACH resource is entirely within the bandwidth of initial active UL BWP.


-- Corresponds to L1 parameter 'prach-frequency-start' (see 38,211, section FFS_Section)


-- FFS_FIXME: Clarify whether it is ”initial” or ”firstActive” UL BWP, i.e., whether this is meant for SpCell and/or SCell


-- FFS_FIXME: What is PRB 0 or a BWP? PRB 0 defines the lower edge of the carrier.


msg1-FrequencyStart





INTEGER (0..maxNrofPhysicalResourceBlocks-1),


-- Configuration of an unrestricted set or one of two types of restricted sets, see 38.211
6.3.3.1 


restrictedSetConfig





ENUMERATED {unrestrictedSet, restrictedSetTypeA, restrictedSetTypeB},


-- Number of SSBs per RACH occasion (L1 parameter 'SSB-per-rach-occasion') and the number of Contention Based preambles per SSB


-- (L1 parameter 'CB-preambles-per-SSB'). By multiplying the two values, the UE determines the total number of CB preambles.


ssb-perRACH-OccasionAndCB-PreamblesPerSSB
CHOICE { 



oneEighth







ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64}, 



oneFourth







ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64}, 



oneHalf








ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64}, 



one









ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64}, 



two









ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32}, 



four








INTEGER (1..16), 



eight








INTEGER (1..8), 



sixteen








INTEGER (1..4)


}






























OPTIONAL,
-- Need M

-- Number of preambles reserved for SI request per SSB. The preambles reserved for SI request follow the preambles reserved for CBRA.


numberOfRA-PreamblesSIRequest



INTEGER (1..16)

OPTIONAL, -- Cond OnDemandSI


-- Subcarrier spacing for Msg3. Corresponds to L1 parameter 'msg3-scs' (see 38.213, section 8.1)



msg3-SubcarrierSpacing




SubcarrierSpacing,


-- Indicates to a UE whether transform precoding is enabled for Msg3 transmission. 


-- Corresponds to L1 parameter 'msg3-tp' (see 38.213, section 8.1)


msg3-transformPrecoding




ENUMERATED {enabled}















OPTIONAL -- Need R

}

-- TAG-RACH-CONFIG-COMMON-STOP 

-- ASN1STOP

	Conditional presence
	Explanation

	OnDemandSI
	The IE is optional present if on demand SI is configured. Otherwise, the IE is not needed.


5.2. Changes to RACH-ConfigDedicated
–
RACH-ConfigDedicated
The IE RACH-ConfigDedicated is used to specify the dedicated random access parameters.

RACH-ConfigDedicated information element

-- ASN1START

-- TAG-RACH-CONFIG-DEDICATED-START

-- FFS_Standlone: resources for msg1-based on-demand SI request

RACH-ConfigDedicated ::=

SEQUENCE {


-- Resources for handover to the cell


cfra-Resources




CFRA-Resources, 


-- Subcarrier spacing for msg1 for contention-free RA procedure for handover


-- FFS_CHECK: How does it then work for PDCCH ordered CFRA? In that case the UE does not have RACH-ConfigDedicated!


cfra-msg1-SubcarrierSpacing




SubcarrierSpacing,


-- Subcarrier spacing for msg2 for contention-free RA procedure for handover


-- FFS_CHECK: How does it then work for PDCCH ordered CFRA? In that case the UE does not have RACH-ConfigDedicated!


cfra-msg2-SubcarrierSpacing


SubcarrierSpacing


-- If not provided, the value configured in RACH-ConfigCommon for the initial UL BWP is used


msg1-FDM






ENUMERATED {one, two, four, eight} 
OPTIONAL, -- Cond DiffFromCBRA


-- If not provided, the value configured in RACH-ConfigCommon for the initial UL BWP is used


msg1-FrequencyStart




INTEGER (0..maxNrofPhysicalResourceBlocks-1) 
OPTIONAL,
-- Cond DiffFromCBRA


-- If not provided, the value configured in RACH-ConfigCommon for the initial UL BWP is used


prach-ConfigurationIndex


INTEGER (0..255) 
OPTIONAL,
-- Cond DiffFromCBRA

}

CFRA-Resources ::= 




CHOICE {


cfra-ssb-ResourceList



SEQUENCE (SIZE(1..maxRA-SSB-Resources)) OF CFRA-SSB-Resource,


cfra-csirs






SEQUENCE {



cfra-csirs-ResourceList



SEQUENCE (SIZE(1..maxRA-CSIRS-Resources)) OF CFRA-CSIRS-Resource,



cfra-csirs-DedicatedRACH-Threshold
RSRP-Range


}

}

CFRA-SSB-Resource ::= 


SEQUENCE {


ssb







SSB-Id,


ra-PreambleIndex



INTEGER (0..63),


-- 
PRACH configuration for SSB configuration (i.e. time and frequency location)


ra-Resources




RA-Resources -- Definition FFS

}

CFRA-CSIRS-Resource ::= 

SEQUENCE {


csi-RS






NZP-CSI-RS-ResourceId, -- FFS where the CSI-RS are defined (e.g. MO)


ra-PreambleIndex



INTEGER (0..63),


-- 
PRACH configuration for CSIRS configuration (i.e. time and frequency location)


ra-Resources




RA-Resources -- Definition FFS

}

-- TAG-RACH-CONFIG-DEDICATED-STOP

-- ASN1STOP

	Conditional presence
	Explanation

	DiffFromCBRA
	The IE is mandatory present if the value is different from the value configured in RACH-ConfigCommon for the initial UL BWP. Otherwise, the IE is not needed.


5.3. Changes to BeamFailureRecoveryConfig
The BeamFailureRecoveryConfig is used to configure the UE with RACH resources and candidate beams for beam failure recovery in case of beam failure detection. See also 38.321, section 5.1.1.

Editor's Note: It is FFS whether this is configured per BWP, per cell, and FFS whether BFR needs to be performed on SCell

BeamFailureRecoveryConfig information element

-- ASN1START

-- TAG-BEAM-FAILURE-RECOVERY-CONFIG-START

BeamFailureRecoveryConfig ::= 

SEQUENCE {


rootSequenceIndex-BFR



INTEGER (0..137)














OPTIONAL,
--
Need M


rach-ConfigCommonGeneric-BFR



RACH-ConfigCommonGeneric










OPTIONAL,
--
Need M


-- If not provided, the value configured in RACH-ConfigCommon for the same BWP should be used


msg1-FDM






ENUMERATED {one, two, four, eight} 
OPTIONAL, -- Cond DiffFromCBRA


-- If not provided, the value configured in RACH-ConfigCommon for the same BWP should be used


msg1-FrequencyStart




INTEGER (0..maxNrofPhysicalResourceBlocks-1) 
OPTIONAL,
-- Cond DiffFromCBRA


-- If not provided, the value configured in RACH-ConfigCommon for the same BWP should be used


prach-ConfigurationIndex


INTEGER (0..255) 
OPTIONAL,
-- Cond DiffFromCBRA


beamFailureRecoveryTimer


FFS_Value
















OPTIONAL,
--
Need M


beamFailureCandidateBeamThreshold
RSRP-Range
















OPTIONAL,
--
Need M


candidateBeamRSList




SEQUENCE (SIZE(1..maxNrofCandidateBeams)) OF PRACH-ResourceDedicatedBFR

OPTIONAL,
--
Need M


recoveryControlResourceSetId

ControlResourceSetId













OPTIONAL

--
Need M

}

 -- NOTE: If the candidateBeamRSList includes both CSI-RS resource indexes and SSB indexes, AND only SSB indexes are associated with 

 -- PRACH resources then UE identifies PRACH resources for CSI-RS resource(s) in the candidateBeamRSList via spatial QCL indication 

 -- between SSBs and CSI-RS resources, if UE-identified new beam(s) is associated with CSI-RS resource(s).

PRACH-ResourceDedicatedBFR ::= 

SEQUENCE { 


candidateBeam-RS




CHOICE {



ssb-Index







SSB-Index,



csi-RS-Index






NZP-CSI-RS-ResourceId


},


ra-PreambleIndex




FFS_Value
















OPTIONAL,


prach-FreqOffset




FFS_Value
















OPTIONAL,


rach-ResourceMask




FFS_Value
















OPTIONAL

}

-- TAG-BEAM-FAILURE-RECOVERY-CONFIG-STOP

-- ASN1STOP

	Conditional presence
	Explanation

	DiffFromCBRA
	The IE is mandatory present if the value is different from the value configured in RACH-ConfigCommon for the same BWP. Otherwise, the IE is not needed.
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