


[bookmark: _GoBack]3GPP TSG-RAN WG2 #101	Tdoc R2-1803203
Athens, Greece, 26 Feb - 2 Mar, 2018                                            

Agenda Item:	10.3.1.4.3
Source:	Ericsson
Title:	BWP selection and RA
Document for:	Discussion, Decision

Introduction
There is one open issue remaining concerning the selection of BWP for the RA procedure, and highlighted as below: 
[Issue 5.15-2] RAN2 should conclude whether the selection of BWP for the RA procedure is applicable to the contention-based random access.
This contribution discusses this open issue and other remaining open issues related to BWP accordingly.  
[bookmark: _Ref178064866]Discussion
Selection of BWP for CFRA
[bookmark: _Hlk501003620]At RAN2#100, some agreements with respect to selection of BWP has been made and highlighted as below

	Agreements:
1. For contention based, some UL BWP are configured with PRACH resources.  The UE performs RACH on the active BWP if configured with RACH resources.  If not configured the UE uses initial UL/DL BWP.   It is recommended for the network to configure RACH resources on active BWP.   If the UE switches to initial BWP it stays there until told by the network to switch with a DCI.    



From above agreements, a UE may switch to the initial UL BWP to perform contention based RA procedure if there is no PRACH resources in the current active UL BWP. Such procedure has been specified in the current MAC spec:
Upon initiation of the Random Access procedure, the MAC entity shall:
1>	if PRACH resources are configured for the active UL BWP:
2>	perform the Random Access procedure on the active DL BWP and UL BWP.
1>	else (i.e. PRACH resources are not configured for the active UL BWP):
2>	switch to initial DL BWP and UL BWP;
2>	perform the Random Access procedure on the initial DL BWP and UL BWP.
The above procedure has captured the agreements for contention based RA. Upon triggering of a contention free RA, it may also happen that a UE has no contention free PRACH resource configured on the current active UL BWP, however, the UE has contention free PRACH resource on other UL BWPs. At the same time, the UE may have contention based RA resource on the current active UL BWP. For example, the network may configure a UE with contention free PRACH resources for BFR after its RRC connection has been established, the PRACH resources may be configured on some UL BWPs. In this case, it may occur that the UE switches to an UL BWP on which there is no contention free PRACH resources configured for BFR.
1. [bookmark: _Toc505782979][bookmark: _Toc506152046][bookmark: _Toc506475007][bookmark: _Toc506481316][bookmark: _Toc506486030]It may happen that upon triggering of a contention free RA (such as contention free based RA for BFR), the UE has no contention free PRACH resource configured on the current active UL BWP while there is contention free PRACH resource configured on other UL BWPs.
We have seen two alternatives available for above issue.
-	Alternative 1: The UE uses contention based RA resource if there is on the current active UL BWP
-	Alternative 2: The UE switches to another UL BWP (e.g., the initial/default UL BWP) where there is contention free RA resource available to perform contention free RA.
The contention free RA is typically designed for latency critical purpose. From this perspective, we think alternative 2 is better, since BWP switch is typically fast, so the time spent for BWP switch plus the time spent for a contention free RA is still less than that for a contention based RA. Therefore, we make below proposal.
1. [bookmark: _Toc505782985][bookmark: _Toc505807661][bookmark: _Toc505940802][bookmark: _Toc505950774][bookmark: _Toc506474484][bookmark: _Toc506481319][bookmark: _Toc506486032]For a contention free RA, not all UL BWPs need to be configured with contention free PRACH resources. The UE performs RACH on the active UL BWP if configured with contention free RACH resources.  If not configured, the UE uses initial UL/DL BWP. If the UE switches to initial BWP it stays there until told by the network to switch with a DCI. 
RACH on active BWPs
There is one open issue raised by [1], which has been discussed by some companies online however there is no conclusion yet. 
[image: ]
Figure 1. DL/UL BWPs from the network point of view [1].
The issue is illustrated in Figure-1, which is reused from [1]. As illustrated in Figure 1, there are several UL BWPs overlapping each other with the PRACH resources configured within the overlapping region. In this case any UE (e.g. the UEs x/y/z/a/b/c) may send a preamble. Upon reception of a preamble, from the network’s point of view, it is very difficult for the network to know on which DL BWP/ CORESET to transmit Msg2.
In this case, the RAR message may need to be transmitted on all DL BWPs and on all CORESET combinations. The UE may have to monitor all DL BWPs for RAR reception. Such alternative is not efficient in terms of both the resource utilization efficiency and the latency. 
1. [bookmark: _Toc505776001][bookmark: _Toc505776006][bookmark: _Toc505782980][bookmark: _Toc506152047][bookmark: _Toc506475008][bookmark: _Toc506481317][bookmark: _Toc506486031]It is not efficient in terms of resource utilization efficiency and the latency if the network transmits the RAR message on all DL BWPs, and the UEs monitor all DL BWPs for RAR reception.
From our understanding, it is possible to address the problem by allowing the gNB to link a set of PRACH configurations/resources with DL BWPs (there may be more than one DL BWPs linked to the PRACH configurations/resources). In this manner, the gNB only transmits the RAR on DL BWPs that are linked to the used PRACH resources. For example, the gNB may configure UEs to only monitor the RAR on the initial DL BWP. In case a UE is active on another DL BWP, this UE must switch to the initial DL BWP to monitor the RAR.
With this, the gNB transmits the RAR on configured DL BWPs, which is beneficial to improve the resource utilization efficiency. At the same time, it is beneficial for the UE to save battery since the UE doesn’t need to monitor the RAR on all BWPs. For the linkage between RACH configuration and the DL BWPs, we can include BWP indices in the RACH-ConfigCommon and/or the RACH-ConfigDedicated. Therefore, we make below proposal. 
1. [bookmark: _Toc506481320][bookmark: _Toc506486033][bookmark: _Toc506474485]The gNB links a set of PRACH configurations/resources with DL BWPs so that the UE only monitors RAR on DL BWPs that are linked to the used PRACH resources. 
1. [bookmark: _Toc505940805][bookmark: _Toc505950777][bookmark: _Toc506474487][bookmark: _Toc506481321][bookmark: _Toc506486034]Accept the proposed text proposals in the MAC spec and RRC spec.
Text proposal for TS 38.321
5.15 Bandwidth part (BWP) operation
For contention based RA and contention free RA, Uupon initiation of the Random Access procedure, the MAC entity shall:
1>	if PRACH resources (i.e., contention free resource for contention free RA or, contention based resource for contention based RA) are configured for the active UL BWP:
2>	perform the Random Access procedure on the active DL BWP and UL BWP.
1>	else (i.e the PRACH resources for corresponding RA type are not configured for the active UL BWP):
2>	switch to initial DL BWP and UL BWP;
2>	perform the Random Access procedure on the initial DL BWP and UL BWP.
If the MAC entity receives a PDCCH for BWP switching while a Random Access procedure is ongoing in the MAC entity, it is up to UE implementation whether to switch BWP or ignore the PDCCH for BWP switching, except for the PDCCH reception for BWP switching addressed to the C-RNTI for successful contention resolution (as specified in subclause 5.1.5) in which case the UE shall perform BWP switching to a BWP indicated by the PDCCH. Upon reception of the PDCCH for BWP switching other than successful contention resolution, if the MAC entity decides to perform BWP switching, the MAC entity shall stop the ongoing Random Access procedure and initiate a Random Access procedure on the new activated BWP; if the MAC decides to ignore the PDCCH for BWP switching, the MAC entity shall continue with the ongoing Random Access procedure on the active BWP.
If the bandwidthPartInactivityTimer is configured, the MAC entity shall for each activated Serving Cell:
1>	if the default-DL-BWP is configured, and the active DL BWP is not the BWP indicated by the default-DL-BWP; or
1>	if the default-DL-BWP is not configured, and the active DL BWP is not the initial BWP:
2>	if a PDCCH indicating downlink assignment or uplink grant is received on the active BWP; or
2>	if a MAC PDU is transmitted in a configured uplink grant or received in a configured downlink assignment:
3>	if there is no ongoing random access procedure associated with this Serving Cell:
4>	start or restart the bandwidthPartInactivityTimer associated with the active DL BWP.
2>	if a PDCCH for BWP switching is received on the active DL BWP, and the MAC entity switches the active BWP:
3>	start or restart the bandwidthPartInactivityTimer associated with the active DL BWP.
2>	if Random Access procedure is initiated on this Serving Cell:
3>	stop the bandwidthPartInactivityTimer of this Serving Cell.
3>	if the Serving Cell is SCell (other than PSCell):
4>	stop the bandwidthPartInactivityTimer of SpCell, if running.
2>	if the bandwidthPartInactivityTimer associated with the active DL BWP expires:
3>	if the default-DL-BWP is configured:
4>	perform BWP switching to a BWP indicated by the default-DL-BWP.
3>	else:
4>	perform BWP switching to the initial DL BWP.
When the UE initiates a Random Access Procedure on an UL BWP not being the initial BWP, the MAC entity shall:
1>	if the current active DL BWP is linked to the used PRACH resource and PRACH preamble:
2>	monitor the RAR on the current DL BWP;
1>	else:
2>	switch to a DL BWP that is linked to the used PRACH resource and PRACH preamble;
2>	monitor RAR on that DL BWP.


Text proposal for TS 38.331
-- 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,

	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)
[bookmark: _Hlk505297083]	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},
	-- Corresponds to L1 parameter 'CB-preambles-per-SSB' (see 38.211?, section FFS_Section)
	-- FFS_CHECK: Relation to (old) RAN2 CBRA-SSB-ResourceList handling the CB-RA preambles/resources per beam. 
	-- FFS_Value: RAN1 indicated ”4 bit” but there should be actual values here... and not hidden in a table. 
	cb-preamblesPerSSB							FFS_Value																		OPTIONAL,
	-- 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-OccasionAndPreamblesPerSSB	CHOICE { 
		oneEighth								INTEGER (4..64), 
		oneFourth								INTEGER (4..64), 
		oneHalf									INTEGER (4..64), 
		one										INTEGER (4..64), 
		two										INTEGER (4..32), 
		four									INTEGER (1..16), 
		eight									INTEGER (1..8), 
		sixteen									INTEGER (1..4)
	}																															OPTIONAL,	-- Need M

	-- 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
	dlBWPList					SEQUENCE (SIZE(0..maxNrofBandwidthParts-1)) OF	BWP-Id	OPTIONAL,	

}

-- TAG-RACH-CONFIG-COMMON-STOP 
-- ASN1STOP
IG-COMMON-GENERIC-STOP 
-- ASN1STOP
[bookmark: _Toc500942742][bookmark: _Toc505697580]–	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
	dlBWPList					SEQUENCE (SIZE(0..maxNrofBandwidthParts-1)) OF	BWP-Id	OPTIONAL,
}

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

Conclusions
Based on the discussion in section 2 we make the following observations and propose the following:
Observation 1	It may happen that upon triggering of a contention free RA (such as contention free based RA for BFR), the UE has no contention free PRACH resource configured on the current active UL BWP while there is contention free PRACH resource configured on other UL BWPs.
Observation 2	It is not efficient in terms of resource utilization efficiency and the latency if the network transmits the RAR message on all DL BWPs, and the UEs monitor all DL BWPs for RAR reception.

Proposal 1	For a contention free RA, not all UL BWPs need to be configured with contention free PRACH resources. The UE performs RACH on the active UL BWP if configured with contention free RACH resources.  If not configured, the UE uses initial UL/DL BWP. If the UE switches to initial BWP it stays there until told by the network to switch with a DCI.
Proposal 2	The gNB links a set of PRACH configurations/resources with DL BWPs so that the UE only monitors RAR on DL BWPs that are linked to the used PRACH resources.
Proposal 3	Accept the proposed text proposals in the MAC spec and RRC spec.
[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref174151459][bookmark: _Ref189809556]
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