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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN4#87, contribution [1] discussed a potential issue with regard to band alignment, numerology, and filtering. The general issue is the RB descriptions used in RAN1 do not always align with the RAN4 specifications for a carrier. Further clarification of the problem description is provided along with some possible solutions.
Discussion
Background
In RAN1, the location of the RBs in a channel is described using a grid and point A. Figure 1 shows the relationship between point A and the grid.
[image: ]
[bookmark: _Ref521669059]Figure 1. Relationship between ,  and other parameters in the carrier.
With the proper combinations of Nstart, f, and Nsize, the center of grid can be located on the carrier.
Observation 1: the relationship between the carrier and point A specified in RAN1 is based on RBs, not necessarily on the RF channels.
In 38.211, a recent decision was to modify the position k0 so that 

	




[bookmark: _Hlk515533636] is given by clause 4.2,  is the subcarrier spacing configuration, and  is the largest  value among the subcarrier spacing configurations provided to the UE for this carrer. The starting position of OFDM symbol  for subcarrier spacing configuration in a subframe is given by …
there is RB alignment when several numerologies are supported on the carrier. For example in a 25 MHz bandwidth, the location of the first subcarrier of each RB is given by Table 1. The rightmost columns reflect the effect of the alignment by changing the number of available RBs.
[bookmark: _Ref521570050]Table 1. RB location example
	SCS, kHz
	Location from band edge, MHz
	RB range
	Updated location, MHz for alignment
	Updated RB range within the channel

	15
	0.53 + 0.18m
	m=0, …, 132
	0.62 + 0.18m
	m=0, …, 131

	30
	0.8 + 0.36n
	n=0, …, 64
	0.98 + 0.36n
	n=0, …, 63

	60
	1.34 + 0.72p
	p=0, …, 30
	1.34 + 0.72p
	p=0, …, 30



Multiple numerology
The result of the alignment is that the grids for certain numerologies are not symmetrically located about the carrier. UE1 is correctly placed as Figure 2 if it uses the 60 kHz SCS numerology. In this case, the RF filter is positioned properly in the channel bandwidth. If the UE bases determines its carrier location after the alignment, the UE may improperly place its RF filter (crossing band edges as shown with UE2). This may happen when several numerologies are used.
[image: ]
[bookmark: _Ref513800266]Figure 2. Placement of UE RF filter
Intraband CA
Considering a 10 MHz bandwidth, the center location and the first subcarrier of the first usable subcarrier is presented below in Table 2.
[bookmark: _Ref520108567]Table 2. Distance from band edge for 10 MHz BW.
	
	15 kHz
	30 kHz
	60 kHz

	Center
	RB 26 (5 MHz)
	RB 12 (5 MHz)
	RB 5 + 6 REs (5 MHz)

	First subcarrier
	320 kHz
	680 kHz
	1.04 MHz



Point A must be 140+180n kHz (15 kHz SCS), 320+360n kHz (30 kHz SCS), or 320+720n kHz from the edge of the 10 MHz band. Note that specification work is not needed to fulfill this relationship for a single carrier.
When aligning point A to the carrier bandwidth in intraband CA, there can be a potential issue. For this example in Figure 3, the centers of two carriers (cc0 and cc2) are 20 MHz apart. Assume the same numerology is used for both bandwidths. Thus the first subcarrier of cc0 and the first carrier of cc2 are 20 MHz apart.
cc0
10 MHz
10 MHz
10 MHz
Point A
cc2

[bookmark: _Ref521420929]Figure 3. Example
Following the example: the location of the first subcarrier of cc0 from point A can be given by 180n (in kHz). The location of the first subcarrier of cc2 using point A cannot be obtained as an integer multiple of 180 because 20 MHz is not evenly divisible by 180 kHz. As a result, the carrier frequency of cc2 will not be 20 MHz from cc0.
Observation 2: In intraband CA deployments, there can be misalignment of the location of the first subcarrier (carrier frequency) with respect to the center of the bandwidth.
It is unclear how a UE should align the carriers in this example. When the network sets offsetToCarrier in the SCS-SpecificCarrier information element for cc2, the location of the first RE is not necessarily after the guard band. In order to ensure the BW is not exceeded, the network may signal 1 fewer RB. In that case, the UE does not know the center of the cc2 due to the combination of unspecified RB size and the location of the first RE not immediately after the guard. As a result, the placement of the RF filter may be incorrect. One solution is to signal the carrier frequency for this component carrier.
Proposal 1: Send a LS to RAN2 so that ARFCN for the carrier is conveyed to the UE
[bookmark: _GoBack]To ensure the correct filter bandwidth, the UE behavior may need to be specified when it receives an unspecified RB configuration. For example, if the UE is signaled 51 RBs for 10 MHz and 15 kHz SCS, it should use 52 RBs to determine the filter bandwidth. A rule such as using the smallest RB size greater than or equal to the signaled RB to determine the channel bandwidth can be used.
Proposal 2: To determine the channel bandwidth associated with a signaled number of RBs, the UE should use the smallest number of RBs in Table 5.3.2-1 which is greater than or equal to the signaled number of RBs.
How to suggest modifying the signaling is unclear. In 38.331, 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”. It uses RAN1 terms for intraband CA. However, IE FrequencyInfoDL provides basic parameters of a downlink carrier including the ARFCN for the SSB and point A. 
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution discusses the relationship of the channel and RB signaling. In general
Observation 1: the relationship between the carrier and point A specified in RAN1 is based on RBs, not necessarily on the RF channels.
One possible issue is
Observation 2: In intraband CA deployments, there can be misalignment of the location of the first subcarrier (carrier frequency) with respect to the center of the bandwidth.
Some possible solution are
Proposal 1: Send a LS to RAN2 so that ARFCN for the carrier is conveyed to the UE
Proposal 2: To determine the channel bandwidth associated with a signaled number of RBs, the UE should use the smallest number of RBs in Table 5.3.2-1 which is greater than or equal to the signaled number of RBs.
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