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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In this contribution, the location of the channel filter with regards to the frequency of the transmission bandwidth is discussed. A proposal to clarify the location of the filter is provided.
Discussion
In LTE, the UE knows the bandwidth of the component carrier and the center frequency of the component carrier. With that information, the UE can place the appropriate sized filter and locate the filter to limit any transmissions outside the CC and interference outside the CC. In NR, the information the UE has about the CC is limited.
For the SS block, the UE knows where the candidate SS blocks are located and the bandwidth. The UE can place an RF filter at the center of the SS block and can filter accordingly. (In fact, the location of the SS block is chosen so that the guardbands and the 20 PRBs are inside the base station bandwidth.)
For a general BWP, the UE may need more information for filter placement.
Background
The RF reference frequency and channel bandwidth of a channel are described in TS38.104 [2] and TS38.101-1 [1]. From section 5.3.1 of [1]
The UE channel bandwidth supports a single NR RF carrier in the uplink or downlink at the UE. From a BS perspective, different UE channel bandwidths may be supported within the same spectrum for transmitting to and receiving from UEs connected to the BS. Transmission of multiple carriers to the same UE (CA) or multiple carriers to different UEs within the BS channel bandwidth can be supported. 
From a UE perspective, the UE is configured with one or more BWP / carriers, each with its own UE channel bandwidth. The UE does not need to be aware of the BS channel bandwidth or how the BS allocates bandwidth to different UEs.
The placement of the UE channel bandwidth for each UE carrier is flexible but can only be completely within the BS channel bandwidth.
For reference, TS38.101-1 [1] provides this general diagram of a channel


Figure 5.3.3-1 Definition of channel bandwidth and transmission bandwidth configuration for one NR channel
The channel represents the frequency range where the UE should place its RF filter to fulfill RAN4 requirements, e.g. spectrum emission mask and ACLR requirements. Under some scenarios, placement of the RF filter may not be aligned with the channel edge; causing the UE’s transmitted signal to interfere with an adjacent channel transmission or allowing an UE to receive transmissions from an adjacent channel. 
The current signaling and specifications of RAN1 and RAN4 allow the UE to locate its channel (carrier) bandwidth. Using Figure 1, the term carrierBandwidth (RAN2 signaling) corresponds to “Transmission bandwidth configuration” in Figure 5.3.3-1 and to the term  in 38.211 [3]. RAN2 signaling also provides the ARFCN for Point A (fpoint-A), the SCS (f in [3]), and the offsetToCarrier (in RBs, corresponds to  in [3]).
[image: ]
[bookmark: _Ref513714828]Figure 1. Ambiguity of UE in knowing the location of channel
Using the signaling, the center frequency of the transmission bandwidth configuration f is

where .
However, the transmission frequency f0 may be offset in frequency by , where k0 is either 0, -6, or 6 (higher layer signaling) from the center frequency. Note that the transmission frequency may not be the same as the center frequency of the transmission bandwidth configuration.
Observation 1: the transmission frequency may not be the same as the center frequency of the transmission bandwidth configuration.
Problem description
Suppose the base station is using 50 MHz bandwidth and the smallest RF filter for the UE (channel bandwidth) is 5 MHz. 
· How to place a filter at the lower edge of the base station’s band
· How to place a filter at the upper edge of the base station’s band
The UE has the following information
· Point A. However it may not be at lower band edge.
· Transmission frequency f0. However it may not located on the channel raster nor in the center of the base station bandwidth.
· Center of transmission bandwidth configuration. 
· It may not be at the center of the base station bandwidth
· It may not be aligned with the transmission frequency f0. Figure 1 shows an example of using the transmission frequency to align. The filter may cross edges of the base station band.
Thus, the information the UE currently has may not be sufficient to locate an RF filter. 
Observation 2: In order to position the RF filter properly, additional information may be needed by the UE.
Note when the UE channel bandwidth (e.g. 5 MHz) is less than the base station bandwidth (e.g. 10 MHz), if the center of transmission bandwidth is near the center of the base station bandwidth, no knowledge of the edges is not needed. However, a UE is unaware of the base station bandwidth nor where it is centered.
Possible solutions
In order for a filter to be placed within the band, the UE needs information about the band edges. After which, the UE can select the appropriate center of the filter (and filter bandwidth if necessary). Some possible solutions include
· Signaling for the upper and lower edge of the base station bandwidth
· Suppose the transmission bandwidth is located near the lower edge of the band. The UE can place a filter to span the transmission bandwidth while not allowing transmitted signals to cross the lower edge or receiving signals below the lower edge of the band.
· Indicate the center of the channel bandwidth to the UE using RRC signaling. Coupled with the CBW (or from the signaled parameter carrierBandwidth), the UE places the appropriate sized filter on the center of the channel bandwidth. This is illustrated in Figure 2, where two example carrier configurations are shown within the same channel bandwidth. One benefit is the network can allocate the channel flexibly with respect to the carrier bandwidth when none of the numerologies fully utilizes the maximum transmission bandwidth. 
For example, if the transmission bandwidth is 3.6 MHz and its location is 2.0 MHz from band edge, the network can indicate the channel bandwidth is 5 MHz and the channel is 2.5 MHz from the band edge.
[image: ]
[bookmark: _Ref513817516]Figure 2. The location of channel bandwidth and carrier bandwidth.
· Another way to obtain the center of channel bandwidth by UE is to implicitly obtain it from other existing parameters of the system. It is specified in 38.101 that for at least one configured numerology, the following RF reference frequency to subcarrier mapping should be applied.
	38.101-1: 
The mapping between the RF reference frequency on the channel raster and the corresponding resource element is given in table 5.4.2.2-1. The mapping depends on the total number of RBs that are allocated in the channel and applies to both UL and DL. The mapping must apply to at least one numerology supported by the UE.
Table 5.4.2.2-1: Channel Raster to Resource Element Mapping
	
	

	


	
Resource element index 
	0
	6

	
Physical resource block number 

	

	







Therefore, if center of channel bandwidth always coincides with the middle subcarrier of the configured carrier of a “specific” numerology, the UE can obtain the center of channel bandwidth after receiving the configuration of the carrier for the “specific” numerology. This “specific” numerology can be the configured numerology with the smallest SCS in the carrier, in which case that the carrier with the smallest SCS should be symmetrically placed within the channel bandwidth, as illustrated in Figure 3.
[bookmark: _GoBack][image: ]
[bookmark: _Ref513717645]Figure 3. The center of channel bandwidth coinciding with the middle subcarrier of the configured carrier of lowest SCS.
There may be other options available. But, based on discussions,
Proposal: The center of channel bandwidth is indicated to the UE by RRC signaling. 

Conclusion
The contribution discussed the location of the filter with respect to the transmission bandwidth. 
Observation 1: the transmission frequency may not be the same as the center frequency of the transmission bandwidth configuration.
There can be an ambiguity where to locate the filter especially at the baseband bandwidth edges. 
Observation 2: In order to position the RF filter properly, additional information may be needed by the UE.
To resolve this ambiguity, the proposal is:
Proposal: The center of channel bandwidth is indicated to the UE by RRC signaling. 
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