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Introduction
[bookmark: _Ref178064866]At RAN1 92bis it was decided that for FR2 it’s is possible to configure a UE with a periodic and an aperiodic CSI RS for tracking, with the aperiodic CSI-RS and periodic CSI-RS resource having the same bandwidth, and the aperiodic CSI-RS being ‘QCL-Type-A’ and ‘QCL-TypeD’, where applicable, with the periodic CSI-RS resources. Configuration of an aperiodic TRS allows for the configuration of a longer period for the periodic TRS without loss of performance and thus for reduced TRS overhead. Still, the overhead of the periodic TRS is cumbersome.
One way to further limit the TRS overhead at high frequencies would be to configure a set of beam-formed semi-persistent TRS’s that cover the beam space and are shared by the active UE’s. The use of a semi-persistent TRS allows dynamic MAC CE-signaling based deactivation of shared TRS’s that are not needed by any active UE. Note that the use of RRC should be avoided for dynamic behavior since it creates unnecessary complexity and load on higher layers. This is discussed in section 2.1, where we propose to allow configuration of semi-persistent TRS as an alternative to the configuration of periodic TRS.
After RAN1 92bis it was left to be decided whether the aperiodic TRS should be mandated to have the same symbol position and subcarrier location. In section 2.2 we note that such a limitation would not reduce UE complexity or impact TRS based measurements while reducing the flexibility in avoiding reference signal collisions and fitting the TRS with various TDD UL-DL patterns and we thus propose not to introduce such a limitation.
In section 2.3 we note that a one slot TRS allows for more flexible TDD UL/DL configurations. Since a one slot TRS in many scenarios also give good PDSCH demodulation performance and carrier frequency offset estimation accuracy we propose that one slot TRS should be configurable also for below 6GHz carrier frequency.
In section 2.4 we propose a number of corrections to the current text in section 5.1.6.1.1 in 38.214.
Discussion
[bookmark: _Hlk509996707][bookmark: _Hlk509405060]Semi-persistent TRS
At high carrier frequencies the TRS needs to be beamformed to achieve coverage and in order to be QCL with PDSCH DMRS with respect to delay spread, delay, Doppler spread and Doppler shift. This means that UEs can’t share one common periodic TRS. Instead multiple TRS’s are needed which drives the TRS overhead up. For “analog” beamforming the fact that transmissions can only be made in one beam direction (or with multiple antenna panels, in a limited number of beam directions) per OFDM symbol creates scheduling restrictions, making it impossible to utilize unused subcarriers in symbols used for transmission of the TRS unless the TRS share the same “analog” beam as PDSCH.
In [1] we discuss three different options for how to deploy TRS in mmW bands using high-gain beamforming for transmitting PDSCH. Two options based on periodic TRS are compared with one option based on DCI scheduled aperiodic TRS. It is shown that aperiodic TRS is superior to periodic TRS for high gain beamforming.
In addition, the aperiodic TRS is superior to the periodic TRS for TDD operation in that it can easily make use of available DL slots for TRS burst transmissions with very moderate restrictions on the UL-DL switching pattern; it only requires DL slots to be available frequently enough to provide opportunities for UE frequency synchronization. Thus, semi static UL-DL switching periodicity does not have to be aligned with TRS burst transmission.
At RAN1 92bis it was decided that for FR2 it’s is possible to configure a UE with a periodic and a aperiodic CSI RS for tracking, with the aperiodic CSI-RS and periodic CSI-RS resource having the same bandwidth, and the aperiodic CSI-RS being ‘QCL-Type-A’ and ‘QCL-TypeD’, where applicable, with the periodic CSI-RS resources. This doesn’t allow removal of the periodic TRS, but it allows for the configuration of a longer periodicity for the periodic TRS and thus a reduction of the associated overhead. Note, that transmission of the aperiodic TRS ensures that performance is not reduced as a consequence of the longer periodicity. Still, the overhead of the periodic TRS is cumbersome.
Configuration of an aperiodic TRS allows for the configuration of a longer period for the periodic TRS without loss of performance and thus for reduced TRS overhead. Still, the overhead of the periodic TRS is cumbersome.
Consider a deployment where a set of beam-formed periodic TRS’s that cover beam space are shared by the active UE’s. Typically, there are no active UE’s in some parts of the beam space and thus some TRS’s are not used. Note that even at high loads some parts of the beam space may be utilized very rarely. A periodic TRS can only be turned on and off via RRC signaling. This is not very dynamic, and the result is the transmission of TRS signals that are not used by any UE. However, if we replace the periodic TRS’s with semi-persistent TRS’s, then we can activate and de-activate them via mac signaling which is much more dynamic. Thus, we can de-activate TRS’s that are not used by any UE, reducing the TRS overhead significantly. Thus, we propose to allow the configuration of a semi-persistent TRS instead of the periodic TRS. Note, that it’s still possible to mandate that for each UE at least one semi-persistent TRS is active.
Configuration of a semi-persistent TRS instead of a periodic TRS allows for reduced overhead without loss of performance.
For above 6GHz (FR2) it shall be possible to configure a UE with a semi-persistent TRS as an alternative to a periodic TRS. 
[image: ]
Figure 1 To the left active UE’s are configured with a shared set of beam-formed semi-persistent TRS’s that cover beam space. Only the TRS’s that are currently needed by an active UE are activated through mac-signaling. To the right active UE’s are configured with a shared set of beam-formed periodic TRS’s that cover beam space. All configured TRS’s have to be transmitted independently of whether there are any active UE’s that are using them.
[bookmark: _Hlk510624000]At lower frequencies beams are typically wider but still development goes towards more beams and more narrow beams also below 6GHz, especially for the higher frequency range between 2GHz and 6GHz. The possibility to use of a set of shared semi-persistent TRS’s is therefore attractive also in this frequency range and can save TRS overhead without added UE-complexity. We propose to allow the configuration of semi-persistent TRS’s also below 6GHz.
For below 6GHz (FR1) it shall be possible to configure a UE with a semi-persistent TRS as an alternative to a periodic TRS.
[bookmark: _Ref503448604]Aperiodic TRS
At RAN1 92bis it was decided that for FR2 it’s is possible to configure a UE with a periodic and an aperiodic TRS, with the aperiodic TRS and periodic TRS resource having the same bandwidth, and the aperiodic CSI-RS being ‘QCL-Type-A’ and ‘QCL-TypeD’, where applicable, with the periodic TRS resources. It was left to decide whether the aperiodic TRS should be mandated to have the same symbol position and subcarrier location.
For UE measurements based on the TRS it is bandwidth, the inter symbol spacing in time and the density in frequency that is essential.  The exact position of the TRS symbols in time and frequency have no impact on UE complexity or measurement accuracy. On the other hand, the flexibility to choose position in frequency and time can be used to avoid collisions with other reference signal and to fit the TRS with different TDD patterns.
For UE measurements based on the TRS it is bandwidth, the inter symbol spacing in time and the density in frequency that is essential.  The exact position of the TRS symbols in time and frequency have no impact on UE complexity or measurement accuracy.
The flexibility to choose TRS position in frequency and time can be used to avoid collisions with other reference signal and to fit the TRS with different TDD patterns.
In a deployment where there are a number of beamformed periodic TRS’s shared among active UEs, the TRS that is QCL with PDSCH will change as the UE is moving. The periodic TRS’s may have different symbol positions and subcarrier locations. The aperiodic TRS is on the other hand UE specific and when the UE is moving only the QCL relation to the currently ‘active’ periodic TRS need to be changed. If, however, the aperiodic TRS is mandated to have the same symbol position and subcarrier location as the associated periodic TRS, then it would have to be reconfigured in order to have the same symbol position and subcarrier location as the currently ‘active’ periodic TRS.
Mandating the aperiodic TRS to have the same symbol position and subcarrier location as the associated periodic TRS leads to unnecessary RRC reconfiguration.
Thus, we propose that the aperiodic TRS is not mandated to have the same symbol position and subcarrier location as the associated periodic TRS.
The aperiodic TRS is not mandated to have the same symbol position and subcarrier location as the associated periodic TRS.
A major motivation for allowing the configuration of an aperiodic TRS is for SCell activation. SCell activation is equally applicable for FR1 (below 6GHz). Clearly, the aperiodic TRS is needed for SCell activation also below 6GHz. At lower frequencies beams are typically wider but still development goes towards more beams and more narrow beams also below 6GHz, especially for the higher frequency range between 2GHz and 6GHz. Use of the aperiodic TRS can therefore save TRS overhead also in this frequency range. We propose to allow configuration of aperiodic TRS also for FR1.
The aperiodic TRS is needed for SCell activation also below 6GHz.
Allow configuration of aperiodic TRS also for FR1 (below 6GHz).
One slot TRS burst format for below 6GHz.
Fast semi static UL-DL switching is needed to enable low latency using TDD.  The two-slot TRS burst limits the usage of fast semi static UL-DL switching as at least two consecutive DL slots are needed for TRS burst transmission every TRS burst period. It also adds overhead compared to the one-slot TRS burst.
The two-slot TRS burst improves frequency synchronization performance of the UE, compared to the one-slot TRS burst format, but it is shown in [6] that the UE synchronization performance is good enough with one-slot TRS burst format in low bands. There is a benefit with the two-slot TRS burst format for demodulation performance. This gain is however small and only present for low SNR. Thus, there are certainly scenarios where a one-slot TRS burst for sub-6 frequency bands make sense. For UL/DL switching flexibility reasons we propose to allow the configuration of one-slot TRS burst also for sub-6 frequency bands. The corresponding text proposal for 38.214 is given in section 3.
The one-slot TRS burst format, as agreed for above 6GHz (FR2) bands, is allowed in sub-6GHz (FR1) frequency bands.
Corrections to the current text in 38.214
We propose the following corrections to the current text in section 5.1.6.1.1 in 38.214. Note that the proposals made above are not captured in this text proposal below:
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>
[bookmark: _Toc510988179][bookmark: _Hlk512408402]5.1.6.1.1	CSI-RS for tracking
[bookmark: _Hlk513060382]A UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info.
For a NZP-CSI-RS-ResourceSet configured with the higher layer parameter trs-Info, the UE shall assume the antenna port with the same port index in each of the configured NZP CSI-RS resources in the NZP-CSI-RS-ResourceSet is the same antenna port. For frequency range 1, the UE may be configured with a NZP-CSI-RS-ResourceSet of four periodic CSI-RS resources in two consecutive slots with two periodic CSI-RS resources in each slot. For frequency range 2 the UE may be configured with a NZP-CSI-RS-ResourceSet of two periodic CSI-RS resources in one slot or with a NZP-CSI-RS-ResourceSet of four periodic CSI-RS resources in two consecutive slots with two periodic CSI-RS resources in each slot. 
[bookmark: _Hlk513180296][bookmark: _Hlk512260067]A UE configured with NZP-CSI-RS-ResourceSet(s) configured with higher layer parameter trs-Info may have the CSI-RS resources configured as:
· Periodic, with the CSI-RS resources in the NZP-CSI-RS-ResourceSet configured with same periodicity, bandwidth and subcarrier location
· For frequency range 2, periodic CSI-RS resource in one set and aperiodic CSI-RS resources in a second set, with the aperiodic CSI-RS and periodic CSI-RS resource having the same bandwidth, [symbol position, subcarrier location] and the aperiodic CSI-RS being ‘QCL-Type-A’ and ‘QCL-TypeD’, wherewhen applicable, with the periodic CSI-RS resources. The UE does not expect that the scheduling offset between the triggering DCI and the first symbol of the aperiodic CSI-RS resources is smaller than the UE reported ThresholdSched-Offset. The UE shall expect that the periodic CSI-RS resource set and aperiodic CSI-RS resource set are configured with the same number of CSI-RS resources.
A UE doesis not expected to be configured with a CSI-ReportConfig that is linked to a CSI-ResourceConfig containing an NZP-CSI-RS-ResourceSet configured with the higher layer parameter trs-Info and with the CSI-ReportConfig configured with the higher layer parameter timeRestrictionForChannelMeasurements set to ‘configured’.
A UE doesis not expected to be configured with a NZP-CSI-RS-ResourceSet configured with the higher layer parameters trs-Info and repetition simultaneously.
Each CSI-RS resource, defined in Subclause 7.4.1.5.3-1 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 periodic or aperiodic CSI-RS resources in a slot, or of the four periodic or aperiodic CSI-RS resources in 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

-	for a periodic CSI-RS resource, 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.


-	for a periodic CSI-RS resource, the periodicity and slot offset, as given by the higher layer parameter periodicityAndOffset configured by NZP-CSI-RS-Resource , is one of slots where 10, 20, 40, or 80 ms and where µ is defined in Subclause 4.3 of [4, TS 38.211]. 
[bookmark: _Hlk512448230]-	same powerControlOffset and powerControlOffsetSS given by NZP-CSI-RS-Resource value across all resources.
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>
Conclusions
In this contribution, we made the following observations:
1. Configuration of an aperiodic TRS allows for the configuration of a longer period for the periodic TRS without loss of performance and thus for reduced TRS overhead. Still, the overhead of the periodic TRS is cumbersome.
1. Configuration of a semi-persistent TRS instead of a periodic TRS allows for reduced overhead without loss of performance.
1. For UE measurements based on the TRS it is bandwidth, the inter symbol spacing in time and the density in frequency that is essential.  The exact position of the TRS symbols in time and frequency have no impact on UE complexity or measurement accuracy.
1. The flexibility to choose TRS position in frequency and time can be used to avoid collisions with other reference signal and to fit the TRS with different TDD patterns.
1. Mandating the aperiodic TRS to have the same symbol position and subcarrier location as the associated periodic TRS leads to unnecessary RRC reconfiguration.
1. The aperiodic TRS is needed for SCell activation also below 6GHz.

In this contribution, we made the following proposals:
1. For above 6GHz (FR2) it shall be possible to configure a UE with a semi-persistent TRS as an alternative to a periodic TRS. 
1. For below 6GHz (FR1) it shall be possible to configure a UE with a semi-persistent TRS as an alternative to a periodic TRS.
1. The aperiodic TRS is not mandated to have the same symbol position and subcarrier location as the associated periodic TRS.
1. Allow configuration of aperiodic TRS also for FR1 (below 6GHz).
1. The one-slot TRS burst format, as agreed for above 6GHz (FR2) bands, is allowed in sub-6GHz (FR1) frequency bands.
We also propose a number of corrections to the current text in section 5.1.6.1.1 in 38.214 as given in section 2.4.
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