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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#88e meeting, the flexible TRS bandwidth for 10 MHz in Rel-16 was discussed, and the following agreements were achieved:
Agreement (RP-201333)
· Task RAN1 (cc: RAN2) to define TRS bandwidth sizes of 28, 32, 36, 40, 44, 48 RBs.
· All TRS configured for a given BWP with the newly defined TRS bandwidth sizes for a UE span the same set of RBs.
· All allocated PDSCH RBs are confined within the bandwidth spanned by TRS + up to 3RBs beyond either/both of the highest RB and lowest RB of the TRS.
· Only supported for 10MHz UE channel bandwidth, 52 RB BWP size, and 15kHz SCS, in FDD bands.
· Note: No new performance requirement on UE is introduced here.
· A “per-band” UE capability is to be defined for this optional UE feature, that indicates per band support for one of: 
· “All newly defined TRS bandwidth sizes”
· “All newly defined TRS bandwidth sizes except 28 RB size”
· Introduce from Release 16 as part of TEI16
There are some tasks left for RAN1 discussion and define. In this contribution, we discuss the flexible TRS bandwidth configuration, i.e., no more 3RB beyond for TRS bandwidth, provide the text proposals based on current spec to support the feature and also provide the UE capability design for the feature.
[bookmark: _Ref129681832]TRS bandwidth with up to 3RBs beyond
In the RAN#88e meeting, there is an open issue for the following condition:
· All allocated PDSCH RBs are confined within the bandwidth spanned by TRS + up to 3RBs beyond either/both of the highest RB and lowest RB of the TRS.
The background for the condition is that, in the 10 MHz bandwidth case, the newly introduced TRS bandwidth is from 28 RBs (or from 32 RBs) to 48 RBs with the granularity of 4 RBs. However, the gNB may choose to schedule a maximum of 34 RBs (as an example) for PDSCH allocation, in which case the largest bandwidth of the PDSCH is not a multiple of 4 RBs. A principle for TRS bandwidth configuration is to match the configured bandwidth for transmission as much as possible, because the larger the bandwidth for TRS, then the better the performance for channel information tracking. For example, if the maximum scheduled bandwidth for PDSCH is 34 RBs, the TRS bandwidth could be configured as 32 RBs or 28 RBs, but the TRS with 32 RBs provides better performance than 28 RBs. So, it was agreed at RAN#88e to restrict the TRS bandwidth selection for each transmission band configuration such that the PDSCH RBs can only exceed the TRS bandwidth by up to 3 RBs.

[image: ]
Figure 1. TRS Band is no more than 3 RBs in total beyond PDSCH allocation

In the RAN#88e agreement, it may not be clear whether up to 3 RBs is permitted beyond each of the highest and lowest RB, or the up to 3 RBs is a limit in total considering both sides. 
In our understanding, if both sides exceed the TRS bandwidth by up to 3 RBs, the total number of PDSCH RBs outside of TRS could be up to 6 RBs. It does not make sense to leave so many RBs without TRS tracking and QCL assumption. Since the granularity of the newly introduced TRS bandwidth is 4 RBs, 4 RBs within those 6 RBs could be used for TRS transmission. As an example, if the PDSCH allocation bandwidth is 34RBs, the TRS bandwidth can be 32RBs, but not for 28 RBs.

Proposal 1: When a UE is configured with a 10 MHz carrier with 52 RB BWP size, 15 kHz SCS and TRS of bandwidth size among {28, 32, 36, 40, 44, 48} RBs in a FDD band, the UE is not expected to receive a PDSCH allocation with more than 3 PDSCH RBs in total outside the configured TRS bandwidth.

TPs to include flexible TRS band in Rel-16
Based on the agreement in RAN#88, for the case (only) for 10 MHz UE channel bandwidth and 15 kHz SCS, for FDD systems, the TRS bandwidth can be configured with the newly introduce TRS bandwidth, with the restriction on:
· All TRS configured for a given BWP with the newly defined TRS bandwidth sizes for a UE span the same set of RBs.
· All allocated PDSCH RBs are confined within the bandwidth spanned by TRS + up to 3RBs in total beyond either/both of the highest RB and lowest RB of the TRS.
· Only supported for 10MHz UE channel bandwidth, 52 RB BWP size, and 15kHz SCS, in FDD bands.
And also consider the UE capability design: 
· “All newly defined TRS bandwidth sizes”
· “All newly defined TRS bandwidth sizes except 28 RB size”
· Introduce from Release 16 as part of TEI16
The Text proposal is provided as follows:

Text proposal 1: In Section 5.1.6.1.1 of TS38.214
	Each CSI-RS resource, defined in Clause 7.4.1.5.3 of [4, TS 38.211], is configured by the higher layer parameter NZP-CSI-RS-Resource with the following restrictions:
-	the time-domain locations of the two CSI-RS resources in a slot, or of the four CSI-RS resources in two consecutive slots (which are the same across two consecutive slots), as defined by higher layer parameter CSI-RS-resourceMapping, is given by one of



-	, , or for frequency range 1 and frequency range 2,







-	, , , , ,  or  for frequency range 2.

-	a single port CSI-RS resource with density  given by Table 7.4.1.5.3-1 from [4, TS 38.211] and higher layer parameter density configured by CSI-RS-ResourceMapping.
-	the bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CSI-RS-ResourceMapping, is the minimum of 52 and  resource blocks, or is equal to  resource blocks. Based on the UE capability, for 10 MHz channel bandwidth, 52 RB BWP size, and 15 kHz SCS in a FDD band, the bandwidth of the CSI-RS resource can be configured with one of {28, 32, 36, 40, 44, 48} resource blocks by the higher layer parameter freqBand in CSI-RS-ResourceMapping; and the UE is not expected to receive a PDSCH allocation with more than 3 PDSCH RBs in total outside the configured TRS bandwidth where all TRS configured for a given BWP for a UE span the same set of RBs. For operation with shared spectrum channel access, freqBand configured by CSI-RS-ResourceMapping, is the minimum of 48 and  resource blocks, or is equal to  resource blocks.

-	the UE is not expected to be configured with the periodicity of  slots if the bandwidth of CSI-RS resource is larger than 52 resource blocks.


-	the periodicity and slot offset for periodic NZP CSI-RS resources, as given by the higher layer parameter periodicityAndOffset configured by NZP-CSI-RS-Resource, is one of slots where 10, 20, 40, or 80 and where µ is defined in Clause 4.3 of [4, TS 38.211]. 
[bookmark: _Hlk512448230]-	same powerControlOffset and powerControlOffsetSS given by NZP-CSI-RS-Resource value across all resources.



UE capability design for flexible TRS bandwidth
Based on the agreement, two UE feature groups need to be added in Rel-16 TEI: one is Flexible TRS bandwidth without 28 RBs, and another one is flexible TRS bandwidth including 28 RBs.

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know the feature supported 
	Consequence if the feature is not supported by the UE
	Type

	FDD/TDD differentiation
	FR1/FR2 differentiation
	Note
	Mandatory/Optional

	14. NR TEI
	14-9
	Flexible TRS bandwidth for 10 MHz UE channel bandwidth
	1) Supported additional TRS bandwidth for 10 MHz UE channel bandwidth
	2-50, 2-51
	Yes
	
	Per band
	Only for FDD
	N/A
	Note1: All TRS configure for a given BWP with the newly defined TRS bandwidth sides for a UE span the same set of RBs;
Note2: All allocated PDSCH RBs are confined within the bandwidth spanned by TRS + up to 3 RBs in total beyond  the highest RB and lowest RB of the TRS
Note3: Only supported for 10 MHz UE channel bandwidth, 52 RB BWP size, and 15kHz SCS, in FDD band
	Optional with capability signalling 

Values:{32,36,40,44,48}

	14. NR TEI
	14-10
	Flexible TRS bandwidth include 28 RBs for 10 MHz UE channel bandwidth
	2) Supported additional TRS bandwidth include 28 RBs for 10 MHz UE channel bandwidth
	2-50, 2-51
	Yes
	
	Per band
	Only for FDD
	N/A
	Note1: All TRS configure for a given BWP with the newly defined TRS bandwidth sides for a UE span the same set of RBs;
Note2: All allocated PDSCH RBs are confined within the bandwidth spanned by TRS + up to 3RBs in total beyond  the highest RB and lowest RB of the TRS
Note3: Only supported for 10 MHz UE channel bandwidth, 52 RB BWP size, and 15kHz SCS, in FDD band
	Optional with capability signalling

Values:{28,32,36,40,44,48}




Conclusions 
Based on the discussion, we have the following proposal:
Proposal 1: When a UE is configured with a 10 MHz carrier with 52 RB BWP size, 15 kHz SCS and TRS of bandwidth size among {28, 32, 36, 40, 44, 48} RBs in a FDD band, the UE is not expected to receive a PDSCH allocation with more than 3 PDSCH RBs in total outside the configured TRS bandwidth.

Text proposal 1: In Section 5.1.6.1.1 of TS38.214
	Each CSI-RS resource, defined in Clause 7.4.1.5.3 of [4, TS 38.211], is configured by the higher layer parameter NZP-CSI-RS-Resource with the following restrictions:
-	the time-domain locations of the two CSI-RS resources in a slot, or of the four CSI-RS resources in two consecutive slots (which are the same across two consecutive slots), as defined by higher layer parameter CSI-RS-resourceMapping, is given by one of



-	, , or for frequency range 1 and frequency range 2,







-	, , , , ,  or  for frequency range 2.

-	a single port CSI-RS resource with density  given by Table 7.4.1.5.3-1 from [4, TS 38.211] and higher layer parameter density configured by CSI-RS-ResourceMapping.
-	the bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CSI-RS-ResourceMapping, is the minimum of 52 and  resource blocks, or is equal to  resource blocks. Based on the UE capability, for 10 MHz channel bandwidth, 52 RB BWP size, and 15 kHz SCS in a FDD band, the bandwidth of the CSI-RS resource can be configured with one of {28, 32, 36, 40, 44, 48} resource blocks by the higher layer parameter freqBand in CSI-RS-ResourceMapping; and the UE is not expected to receive a PDSCH allocation with more than 3 PDSCH RBs in total outside the configured TRS bandwidth where all TRS configured for a given BWP for a UE span the same set of RBs. For operation with shared spectrum channel access, freqBand configured by CSI-RS-ResourceMapping, is the minimum of 48 and  resource blocks, or is equal to  resource blocks.

-	the UE is not expected to be configured with the periodicity of  slots if the bandwidth of CSI-RS resource is larger than 52 resource blocks.


-	the periodicity and slot offset for periodic NZP CSI-RS resources, as given by the higher layer parameter periodicityAndOffset configured by NZP-CSI-RS-Resource, is one of slots where 10, 20, 40, or 80 and where µ is defined in Clause 4.3 of [4, TS 38.211]. 
-	same powerControlOffset and powerControlOffsetSS given by NZP-CSI-RS-Resource value across all resources.
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