3GPP TSG RAN WG4 Meeting #90	R4-1901557
Athens, Greece, February 25 – March 1, 2019

Agenda Item:	6.12.7.5.1
Source:	Huawei, HiSilicon
Title:	BWP switching restrictions for several carrier scenarios
Document for:	Information


Introduction
During RAN4#89, there was a discussion about how UEs should behave under network configuration of individual carriers (each with different numerology). Among the topics was whether every scenario was permissible and whether BWP switching was allowed for each scenario. For two scenarios, a decision was made to restrict BWP switching
=> Scenario 1 and 2 cannot be supported by the DCI BWP switch
This contribution discusses how to capture the agreement in 38.133.
Discussion
Scenario background
The four scenarios of the “same serving cell” described in [3] are shown in Figure 1.
[image: ]
[bookmark: _Ref536701923]Figure 1. The four scenarios captured in [3]
UE-specific configuration background
In RAN#82, a CR for the information element (IE) ServCellIndex was approved [1]. This CR introduces the field downlinkChannelBW-PerSCS-List which is a list of SCS-SpecificCarrier IEs and
“A set of UE specific carrier configurations for different subcarrier spacings (numerologies). Defined in relation to Point A. Corresponds to L1 parameter 'offset-pointA-set' (see 38.211, clause FFS_clause). If absent, UE uses the configuration indicated in scs-SpecificCarrierList in DownlinkConfigCommon / DownlinkConfigCommonSIB.”
The implication is a UE will be signaled a set of common carrier configuration from the SIB or from a downlink configuration. However, the network has the capability of changing the carrier configuration on an UE specific basis.
For example, the configuration for scenario 4 can be signaled to all UEs. The network can then configure a UE to use scenarios 1, 2, or 3. Thus, the likelihood of UEs operating in scenarios 1, 2, and 3 increases.
Observation 1: With UE specific signaling, the likelihood of scenarios 1, 2, and 3 increases.
BWP switching
Because a BWP of a numerology is associated with a carrier of that numerology, the BWP switching between different numerologies can involve switching carrier configuration. However, as discussed in [3], there were some concerns about ensuring BWP timing when the carriers are not completely overlapping (scenarios 1 and 2). This concern led to the online agreement “Scenarios 1 and 2 cannot be supported by DCI BWP switch”.
Option 1
One approach to specify this agreement is to define scenarios as a function of the RRC information element (IE) SCS-SpecificCarrier (see the appendix for the IE). For example, the carrier bandwidth (CBW) is determined by examining the subcarrierSpacing and carrierBandwidth fields. The starting (lowest) frequency of the carrier is determined by the offsetToCarrier and subcarrierSpacing fields and the corresponding guard bandwidth.
Then to describe the scenarios in Figure 1, using fn and CBWn, where fn and CBWn are the starting frequency and carrier bandwidth of the nth carrier: 
· Scenario 1, the entirety of carrier 2 is located are carrier 1 (f2+CBW2<f1).
· Scenario 2, the overlapping conditions are: the starting frequency of carrier2 lies somewhere within carrierBandwidth1 (f1<f2<f1+CBW1) and the ending frequency of carrier2 is greater than the ending frequency of carrier 1 (f1+CBW1<f2+CBW2).
· Scenario 3, carrierBandwidth1 is greater than carrierBandwidth2 (CBW1>CBW2); the starting frequency of carrier1 is less than or equal to the starting frequency of carrier2 (f1≤f2); and carrier2 is located within the carrierBandwidth1 (f1+CBW1≥f2+CBW2).
· Scenario 4, the carrierBandwidths are equal (CBW1=CBW2) and the starting frequency of the carriers is the same (f1=f2).
However, the expressions about only consider the condition where the first carrier being located lower or same frequency as the second carrier. Considering the other case with the first carrier being higher or same frequency as the second carrier, a set of relationships is obtained and shown in Table 1. 
[bookmark: _Ref341789]Table 1. f = f1 – f2; CBW = CBW1 – CBW2
	Scenario
	Condition 1 (f1 ≥ f2)
	Condition 2 (f1 ≤ f2)

	1
	f < 0
CBW1 + f < 0
	f > 0
CBW2  f < 0

	2
	f < 0
CBW1 + f > 0
CBW + f < 0
	f > 0
CBW2  f > 0
CBW + f > 0

	3
	f ≤ 0
CBW1 + f > 0
CBW + f ≥ 0
CBW > 0
	f ≥ 0
CBW2  f > 0
CBW + f ≤ 0
CBW < 0

	4
	f = 0
CBW = 0
	



In examining Table 1, there are 5 expressions for determining the scenarios:





Observation 2: Although the rules for determining a scenario involve simple tests, the number of tests may be difficult to capture
Option 2
Another approach is noting that the frequency range of the carriers in scenarios 3 and 4 is the same frequency range as the carrier with the larger carrier bandwidth. For scenarios 1 and 2, the overall frequency range of the carriers is greater than the frequency range of the carrier with the larger bandwidth. 
In examining 38.133 [2], a possible location to capture this subclause 8.6.2. A high level description is: 
· The requirements of this subclause apply for DCI-based BWP switch from BWP on a carrier to a BWP on another carrier when the frequency range of the carrier with the smaller carrier bandwidth is within the frequency range of the carrier with the larger carrier bandwidth.
Alternatively, 
· The requirements of this subclause do not apply for DCI-based BWP switch from BWP on a carrier to a BWP on another carrier when the frequency range of carriers exceeds the frequency range of the carrier with the larger carrier bandwidth.
Proposal 1: To capture the agreement about the scenario restriction for DCI-based BWP switch, the following text proposal should be used.
“The UE is not required to perform a DCI-based BWP switch from BWP on a carrier to a BWP on another carrier when the frequency range of carriers exceeds the frequency range of the carrier with the larger carrier bandwidth.”

***************** BEGIN *****************
8.6.2	DCI and timer based BWP switch delay
For DCI-based BWP switch, after the UE receives BWP switching request at slot n on a serving cell, UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP on the serving cell on which BWP switch occurs no later than at slot n+ TBWPswitchDelay. The UE is not required to perform a DCI-based BWP switch from BWP on a carrier to a BWP on another carrier when the frequency range of carriers exceeds the frequency range of the carrier with the larger carrier bandwidth.
For timer-based BWP switch, the UE shall start BWP switch at slot n, where n is the beginning of a subframe (FR1) or half-subframe (FR2) immediately after a BWP-inactivity timer bwp-InactivityTimer [2] expires on a serving cell, and the UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP on the serving cell on which BWP switch occurs no later than at slot n+ TBWPswitchDelay.
The UE is not required to transmit UL signals or receive DL signals during time duration TBWPswitchDelay on the cell where DCI-based BWP switch or timer-based BWP switch occurs.
Depending on UE capability bwp-SwitchingDelay [2], UE shall finish BWP switch within the time duration TBWPswitchDelay defined in Table 8.6.2-1.
************* END ******************
Conclusions
This contribution examined how to capture BWP switching restrictions for certain scenarios. Some observations are
Observation 1: With UE specific signaling, the likelihood of scenarios 1, 2, and 3 increases.
[bookmark: _GoBack]Observation 2: Although the rules for determining a scenario involve simple tests, the number of tests may be difficult to capture.
A text proposal is:
Proposal 1: To capture the agreement about the scenario restriction for DCI-based BWP switch, the following text proposal should be used.
“The UE is not required to perform a DCI-based BWP switch from BWP on a carrier to a BWP on another carrier when the frequency range of carriers exceeds the frequency range of the carrier with the larger carrier bandwidth.”
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Appendix
[bookmark: _Toc525763514]–	SCS-SpecificCarrier
The IE SCS-SpecificCarrier provides parameters determining the location and width of the actual carrier. It is defined specifically for a numerology (subcarrier spacing (SCS)) and in relation (frequency offset) to Point A.
-- ASN1START
-- TAG-SCS-SPECIFIC-CARRIER-START

SCS-SpecificCarrier ::=             SEQUENCE {
    offsetToCarrier                     INTEGER (0..2199),
    subcarrierSpacing                   SubcarrierSpacing,
    carrierBandwidth                    INTEGER (1..maxNrofPhysicalResourceBlocks),
    ...,
    [[
    txDirectCurrentLocation-v1530   INTEGER (0..4095)                                       OPTIONAL            -- Need S
    ]]
}

-- TAG-SCS-SPECIFIC-CARRIER-STOP
-- ASN1STOP

	SCS-SpecificCarrier field descriptions

	carrierBandwidth
Width of this carrier in number of PRBs (using the subcarrierSpacing defined for this carrier) Corresponds to L1 parameter 'BW' (see 38.211, section 4.4.2)

	offsetToCarrier
Offset in frequency domain between Point A (lowest subcarrier of common RB 0) and the lowest usable subcarrier on this carrier in number of PRBs (using the subcarrierSpacing defined for this carrier). The maximum value corresponds to 275*8-1. Corresponds to L1 parameter 'offset-pointA-low-scs' (see 38.211, section 4.4.2)

	txDirectCurrentLocation
Indicates the downlink Tx Direct Current location for the carrier. A value in the range 0..3299 indicates the subcarrier index within the carrier. The values in the value range 3301..4095 are reserved and ignored by the UE. If this field is absent, the UE assumes the default value of 3300 (i.e. "Outside the carrier"). (see 38.211, section 4.4.2)

	subcarrierSpacing
Subcarrier spacing of this carrier. It is used to convert the offsetToCarrier into an actual frequency. Only the values 15 or 30 kHz (<6GHz), 60 or 120 kHz (>6GHz) are applicable. The network configures all SCSs of configured BWPs configured in this serving cell. Corresponds to L1 parameter 'ref-scs' (see 38.211, section 4.4.2
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