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Introduction
[bookmark: _Ref178064866]NR central design goals have been to create a system that supports high frequencies, has a lean design and is easy to improve in the future without running into backwards compatibility issues.
· Support high frequencies
· [bookmark: _GoBack]Support large numbers of antenna elements and narrow beams.
· Lean design and forward compatibility
· Use UE-specific inband signals as far as possible
· Avoid always on signals
By mandating the periodic TRS to be present at high frequencies as long as there are any UEs connected we are compromising these design goals. The periodic TRS is a good solution for low frequencies but the periodic TRS doesn’t scale well with the increased number of antenna elements used for mm-wave.  When combined with high gain beamforming, the periodic TRS consumes a lot of resources, increases the energy consumption, and creates interference. Moreover, there was no consensus in RAN1 to allow measurement restriction for TRS, so a configured TRS cannot be reused in different beams in different time instants, hence each beam requires a unique TRS which is unfortunate. Finally, by mandating its presence we create an obstacle for future improvements similar to the CRS in LTE.
Fortunately, we still have the possibility to correct this mistake. The DCI scheduled aperiodic TRS scales well with the number of antenna elements as TRS can be present on the need basis. It makes it possible to use the same beams for the TRS as for data ensuring perfect QCL properties. It is easy to implement from both a UE and network perspective and the remaining specification effort is minimal. The CSI-RS framework already have all components in place for supporting aperiodic TRS and it’s still possible for RAN1 to complement the decision for high frequencies to allow the configuration of an aperiodic TRS as an alternative to the configuration of a periodic TRS as proposed in section 2.1.
Another way to somewhat 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-signaling based turning on and off of shared TRS’s that are not needed by any active UE. This is discussed in section 2.2, where we propose to allow configuration of semi-persistent TRS using the already specified CSI-RS framework and RRC signaling for semi-persistent CSI-RS.
In section 2.3 we discuss TRS periodicities and conclude that RAN1 should stick to current decisions and not introduce TRS periodicities smaller than 10 ms.
In section 2.4 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 performance and carrier frequency offset estimation accuracy we propose that one slot TRS should be configurable also for below 6GHz carrier frequency.
Discussion
[bookmark: _Ref503448604]Periodic or aperiodic TRS at high frequency bands
[bookmark: _Hlk509405060]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 [7] 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 the analysis of [7] we also note that the aperiodic TRS has the additional benefit of reducing SCell activation delays.
Finally, 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.
Thus, the arguments for the aperiodic TRS for high frequency bands are very strong and we propose that for above 6GHz it shall be possible to configure a UE with an aperiodic TRS as an alternative to a periodic TRS. 
1. For above 6GHz (FR2) it shall be possible to configure a UE with an aperiodic TRS as an alternative to a periodic TRS.
[bookmark: _Hlk509996707]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 the aperiodic TRS is therefore attractive also in this frequency range and can save TRS overhead without added UE-complexity.
We note also that the aperiodic TRS benefits of a reduction in SCell activation delays and of improved flexibility with regards to TDD UL-DL switching are equally valid below 6GHz.
 We therefore propose to allow the configuration of the aperiodic TRS’s also below 6GHz.
1. For below 6GHz (FR1) it shall be possible to configure a UE with an aperiodic TRS as an alternative to a periodic TRS.
The corresponding text proposal for 38.214 is given in [8].
Semi-persistent TRS
One way to somewhat limit the TRS overhead is to configure a set of beam-formed periodic TRS’s that cover the beam space and are shared by the active UE’s. However, even with TRS-sharing the overhead can be large as shown in [7]. To reduce overhead further we propose to allow the configuration of semi-persistent TRS’s. UE’s can then be configured with a set of beam-formed semi-persistent TRS’s that cover the beam space and are shared by the active UE’s, but only the TRS’s that are currently used by an active UE need to be activated through mac-signaling. Thus, the TRS overhead can be reduced significantly. Note that even at high loads some parts of the beam space may be utilized very rarely. Currently TRS’s can only be turned on and off via RRC configuration which is much less dynamic. Semi-persistent CSI-RS is already supported so no RRC changes are needed.
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-peristent 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-peristent 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. 
On the TRS periodicity
TS 38.211 describe the TRS periodicities as 10,20,40 and 80 ms where 10ms is supported for the high-speed train case (500 km/h requirement). In previous meetings to there have been proposals also to support 5 ms periodicity, although there were no evaluations presented showing the actual performance benefit of introducing this periodicity. The TRS periodicity has been evaluated by simulations and analysis and results are shown in [5] where it is concluded that there is no justification to introduce a periodicity smaller than the already supported 10 ms. 
Reconfirm the RAN1 decision that TRS periodicities smaller than 10ms are not supported  
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.
Proposals
In this contribution, we made the following proposals:
1. For above 6GHz (FR2) it shall be possible to configure a UE with an aperiodic TRS as an alternative to a periodic TRS. 
1. For below 6GHz (FR1) it shall be possible to configure a UE with an aperiodic TRS as an alternative to a periodic TRS.
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. Reconfirm the RAN1 decision that TRS periodicities smaller than 10ms are not supported
1. The one-slot TRS burst format, as agreed for above 6GHz (FR2) bands, is allowed in sub-6GHz (FR1) frequency bands.
A text proposal for TS38.214 to allow configuration of aperiodic and semi-persistent TRS (proposal 1 to 4 above) can be found in [8].
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