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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
· 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.
In section 2.2 we analyze the possibilities to squeeze in the TRS’s in SS-block slots and utilize SS-block and TRS signals jointly for fine frequency and time tracking. We find that this would require significant TRS design changes and conclude that the aperiodic TRS is a less complex and more efficient solution to the problem with TRS overheads at high frequencies.
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]On FDM between PDSCH and TRS 
In case analog beamforming is used, then the OFDM symbols containing TRS in a TRS burst can only be beamformed in a single direction. If the slot is used for PDSCH transmission to another UE in another beam direction, then PDSCH should not be mapped with FDM to TRS in these OFDM symbols. To configure ZP CSI-RS to protect the remaining REs in these OFDM symbols from PDSCH mapping would consume a large number of periodic ZP CSI-RS resources and it is likely not possible if TRS bandwidth is smaller than the BWP bandwidth. It may then result in that the whole slot cannot be used for PDSCH transmission, which would be a serious resource waste. 
There may be several possible solutions of this problem, but a straightforward solution is to add an RRC parameter to the CSI-RS resource configuration which indicates semi-statically whether PDSCH should be mapped to the remaining RE in the OFDM symbols containing the NZP CSI-RS or not.
Proposal 0 	Add an optional RRC parameter FDM_with_data_disabled to the CSI-RS resource configuration which indicates semi-statically whether PDSCH should not be mapped to the remaining RE across the full BWP, in the OFDM symbol containing the NZP CSI-RS (where mapping data as FDM is default).
Periodic or aperiodic TRS at high frequency bands
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 sections 2.1.1, 2.1.2 and 2.1.3 below 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. The comparison is made based on a framework for overhead calculations outlined in Appendix A. For simplicity the overhead and scheduling restriction numbers in sections 2.1.1, 2.1.2 and 2.1.3 below are given for the case of 120kHz subcarrier spacing, 20ms TRS periodicity and one slot TRS-burst. As described in section 2.1.4 the overhead and scheduling restriction numbers are, however, easily rescaled to arbitrary subcarrier spacing and TRS configurations.
It is shown that aperiodic TRS is superior to periodic TRS for high gain beamforming. Thus, 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. The corresponding text proposal for 38.214 is given in section 3.
1. For above 6GHz it shall be possible to configure a UE with an aperiodic TRS as an alternative to a periodic TRS. 
In section 2.1.5 below we 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 aligned with TRS burst transmission.
UE specific periodic TRS
The most straightforward way to support a high gain transmission of PDSCH using periodic TRS is to use individual TRSs, one for each UE, transmitted in a beam matching the UEs PDSCH beam. The number of UE’s in connected mode in a cell could, however, be many hundreds. Using equations (1) and (2) in Appendix A we find that already 100 UE’s in connected mode would result in scheduling restrictions in 8.9% of the symbols and an overhead of 2.2% while 500 UE’s in connected mode (which is not uncommon in LTE networks) would result in scheduling restrictions in 44% of the symbols and an overhead of .
[bookmark: _Toc503457676][bookmark: _Toc506547393]For a UE specific periodic TRS already 100 UE’s in connected mode would result in analog beamforming related scheduling restrictions in 8.9% of the symbols and an overhead of 2.2% while 500 UE’s in connected mode would result in scheduling restrictions in 44% of the symbols and an overhead of  for 120kHz subcarrier spacing, 20ms TRS periodicity and one slot TRS.
[image: ]
Figure 1 Using a UE specific periodic TRS’s would result in extreme amounts of overhead and scheduling restrictions for large numbers of UE’s in connected mode. Note that 500 UEs in connected mode is not uncommon in LTE cells.
A shared set of periodic TRS’s transmitted in semi-wide beams similarly to the SS-blocks
An alternative solution to support the high gain transmission of PDSCH using periodic TRS is to use a shared set of periodic TRS’s that are transmitted in fixed beams that are wider than the UE specific PDSCH beams, similarly to the typical use of SS-block beams. For coverage reasons and in order to be QCL with PDSCH with respect to delay spread, delay, Doppler spread and Doppler shift, the PDSCH beams the TRS beams can’t be arbitrarily wide as compared to the PDSCH beams as it would break the QCL relation.
The TRS has been designed to give good performance at an SNR equal to the SNR for PDSCH. Using a wider beam for the TRS than for PDSCH we will degrade SNR for TRS. Since we use frequency density ¼ for the TRS we can power boost with 6dB but then FDM between PDSCH and TRS is not possible and it will lead to complicated configurations of reserved resources. This would however allow for a TRS beam which is 4 times wider than the PDSCH beam.
For a moderate number of 64 narrow PDSCH beams one would then expect to need 16 TRS beams. Using equation (1) in Appendix A we find that 16 TRS’s would give scheduling restrictions in 1.4% of the symbols. Using equation (2) in Appendix A we find that the overhead would formally be  but due to power boosting all resource elements can’t be used due to power restrictions and in practice the overhead would be four times bigger, i.e. . For such a moderate beamforming deployment the periodic TRS is clearly acceptable. NR is, however, designed for massive beamforming with hundreds of narrow PDSCH beams. For 256 PDSCH beams one would need 64 TRS’s which would give scheduling restrictions in 5.7% of the symbols and a practical overhead of . Scheduling restrictions in 5.7% of the symbols is clearly very substantial, especially considering that this is in addition to scheduling restrictions due to SS-block transmissions. If we use also 64 SS-block beams with subcarrier spacing 120kHz this would result in scheduling restrictions in 11.4% of the symbols.
We note that for this type of power boosted shared periodic TRS there is clearly a problem also for digital beamforming since power boosting increase the overhead as mentioned above.
[bookmark: _Toc503457677][bookmark: _Toc506547394]Configuring a set of periodic TRS’s shared by the UEs and transmitted in semi-wide beams similarly to the SS-blocks can reduce the TRS overhead compared to the use of a UE specific periodic TRS. Still, for 256 PDSCH beams one would need 64 TRS’s which would give scheduling restrictions in 5.7% of the symbols and an overhead of  for 120kHz subcarrier spacing, 20ms TRS periodicity and one slot TRS.
[bookmark: _Toc506547395][image: ]
Figure 2 Using a shared set of periodic TRS beams leads to large levels of overhead and scheduling restrictions at high frequencies where large numbers of antenna elements and correspondingly narrow PDSCH beams are needed for coverage. PDSCH beams based on 256 antenna elements would require 256/4=64 TRS beams that are power boosted with 6dB and thus can’t be FDM with data. We note that a 256 antenna elements antenna is something that can easily be implemented in the near future while NR should be designed for the coming decade and even larger numbers of antenna elements.
Aperiodic TRS triggered by DCI
The aperiodic TRS doesn’t result in any analog beamforming related scheduling restrictions since the TRS is self-contained and thus always transmitted in the same slot together with downlink data to the same UE (except for the case of very uplink heavy traffic where a TRS may have to be scheduled even if there is no downlink data to transmit in order to establish synchronization for UL). The aperiodic TRS does, however, give an overhead in terms of resource element utilization which we will evaluate here.
We assume that for UE that is scheduled for a downlink data transmission the aperiodic TRS is scheduled if the time since the last TRS transmission to the UE is equal to or larger than 20ms, so that measurements are never older than for the periodic TRS. Using equation (3) in Appendix A and assuming that 30 different UE’s are scheduled within the time period of 20ms we get an overhead of . This is clearly by far superior to any type of periodic TRS.
[bookmark: _Toc503457678][bookmark: _Toc506547396]Utilizing a DCI triggered aperiodic TRS doesn’t result in any analog beamforming related scheduling restrictions and assuming that an average of 30 different UEs are scheduled within a time period of 20ms the TRS overhead would be limited to  for 120kHz subcarrier spacing and one slot TRS.
[image: ]
Figure 3 Using DCI scheduled aperiodic TRS result in a very small overhead independent of the number of antenna elements or narrowness of PDSCH beams. There are no analog beamforming related scheduling restrictions since TRS transmitted together with downlink data. The overhead is proportional to number of UE’s scheduled within 20ms. In LTE the number of UEs in a cell simultaneously with data in the buffer can be as high as 20 to 30 at high loads.
Scaling of TRS overheads with subcarrier spacing, TRS periodicity, TRS slot length and TDD UL/DL ratio
For simplicity the overhead and scheduling restriction numbers in sections 2.1.1, 2.1.2 and 2.1.3 above are given for the case of 120kHz subcarrier spacing, 20ms TRS periodicity and one slot TRS-burst. From equations (1), (2) and (3) in Appendix A it is, however, easily seen that overhead and scheduling restriction numbers are inversely proportional to the subcarrier spacing, inversely proportional to the TRS periodicity and proportional to the TRS-burst length. Thus, for a two slot TRS the overhead and scheduling restriction numbers should be doubled while for a 40ms TRS periodicity or a 240kHz subcarrier spacing the numbers should be divided by two.
[bookmark: _Toc506547397]TRS overhead and scheduling restriction numbers are inversely proportional to the subcarrier spacing, inversely proportional to the TRS periodicity and proportional to the TRS-burst length.
Note also that for TDD you need to take the UL/DL ratio into account. To get the overhead and scheduling restrictions in relation to the total downlink resources one should divide the numbers given in sections 2.1.1, 2.1.2 and 2.1.3 above, with the proportion of time utilized for downlink. Thus, if e.g. half of the time is utilized for downlink, the overhead and scheduling restriction numbers should be multiplied with two.
Aperiodic TRS for reduced SCell activation delay
RAN4 is currently discussing the requirements for SCell activation delay. At SCell activation the UE performs two steps:
1. Adjustment of amplifier gain settings (LNA and VGA) which requires three RSSI measurements on the SCell.
2. Confirmation of the presence of the SCell and achieving time synch
Here step one is only needed for blind SCell activation. If the UE has recently performed measurements on the SCell, step one can be omitted.
RAN4 is currently considering SCell delay requirements based on the assumption that step one takes three times the SMTC_period (SMTC is the “SS/PBCH block measurement timing configuration”) and that step two takes one to two times the SMTC period. This is based on the assumption that the SS-block is used for the UE measurements.
If the UE utilizes both the SS-block and a periodic TRS on SCell the delays could be reduced somewhat but would still be counted in SMTC_periods and TRS periods.
In LTE the CRS is used and thus there is no need for the UE to wait for the appearance of periodic signals. Consequently, the SCell activation delay is significantly shorter than what is currently discussed for NR in RAN4.
With an aperiodic TRS on SCell triggered by DCI on PCell the UE would not need to wait for periodic signals and the SCell activation delay would be on par with LTE. 
[bookmark: _Toc506547398]Without aperiodic TRS the SCell activation delay will be significantly longer for NR than for LTE where the CRS is used. RAN4 is currently considering four to five SS-block periods for blind SCell activation and one to two SS-block periods for SCell activation when the UE has recent measurements on SCell 
[bookmark: _Toc506547399]With an aperiodic TRS on SCell triggered by DCI on PCell the NR SCell activation delay would be on par with LTE. 
Joint use of TRS and SS-block for fine frequency and time tracking
Joint use of periodic TRS and SS-block RS’s for fine frequency and time tracking has been proposed as one way to ameliorate the problematic TRS overhead at high frequencies. Clearly this doesn’t solve the problem with TRS overhead growing linearly with the number of antenna elements used for beamforming but it could have a potential for somewhat reducing the TRS overhead.
We note also that at least at high frequencies the SS-blocks will use a large proportion of the resources in SS-block slots. To use the small remaining resources in the SS-block slots for data transmissions will not be overly efficient. Thus, if the TRS is transmitted within the SS-blocks the TRS overhead falls on less valuable resources.
The combination of a reduced TRS overhead falling on less valuable resources motivates a simple investigation of the possibilities to fit the TRS in the SS-block slots. It turns out that this would require significant changes to the TRS design. It would require new TRS symbol positions, new TRS inter symbol distances and/or the possibility to have a two slot TRS burst with one TRS symbol in each of the two slots (see sections 2.3.1, 2.3.2, 2.3.3 and 2.3.4 below).
We also note that the TRS’s would fill out the SS-block slots and make it harder to squeeze in mini-slots that may be needed for latency critical applications.
[bookmark: _Toc506547400]To fit TRS’s within SS-block slots would require TRS design modifications like new TRS symbol positions, new TRS inter symbol distances and/or the possibility to have a two slot TRS burst with one TRS symbol in each of the two slots. To fit TRS’s within SS-block slots would also make it harder to squeeze in mini-slots that may be needed for latency critical applications.
We find that the solution based on joint use of TRS and SS-block for fine frequency and time tracking falls short in comparison with the simple DCI triggered aperiodic TRS solution.
Joint use of TRS and SS-block for fine frequency and time tracking is not supported.
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Figure 4 SS-block slot patterns
[bookmark: _Ref505691819]120kHz
[image: ]
Figure 5 120kHz SS-block pattern with possible two symbol TRS-burst positions with inter symbol distance three, nine or ten. The symbol positions of each TRS resource set is illustrated with two equal colored circles.
The 120kHz pattern allows for one two symbol TRS’s with inter symbol distance 3 in between each group of two contiguous SS-blocks. The two symbol TRS will, however, be distributed over two slots for half of the TRS’s. This will allow only for n/2+1 TRS’s during each SS-block burst containing n SS-blocks. If the TRS periodicity is 40ms (twice the SS-block periodicity) or longer, n TRS’s can be transmitted within the SS-block slots.
Alternatively, it allows for one two-symbol TRS with inter symbol distance 9 (one TRS symbol on each side of the of the two contiguous SS-blocks blocks in symbol positions {3,12} or {1 10}). This will allow for n/2 TRS’s during each SS-block burst containing n SS-blocks. If the TRS periodicity is 40ms (twice the SS-block periodicity) or longer, n TRS’s can be transmitted within the SS-block slots.
Alternatively, it allows for two, two symbol TRS’s with inter symbol distance 10 in each slot with two contiguous SS-blocks (one TRS symbol on each side of the of the two contiguous SS-blocks in symbol positions {2,12} and {3,13} or {0,10} and {1,11}). This will allow for as many and as frequent TRS’s as there are SS-blocks.
[bookmark: _Ref505691829]240kHz
[image: H:\Sync folder\Projects\STAR_NSA\RS team\Fine frequency-time tracking\3GPP meetings TRS\2018-02-26 Athens\ss block paatern 240kHz with TRS.png]
Figure 6 240kHz SS-block pattern with possible two symbol TRS-burst positions with inter symbol distance 4 but in some cases split over two slots. The symbol positions of each TRS resource set is illustrated with two equal colored circles.
The 240kHz pattern allows for four two symbol TRS’s with inter symbol distance 4 in between each group of four contiguous SS-blocks. The two symbol TRS will, however, be distributed over two slots for half of the TRS’s. The symbol positions are {0,4},{1,5},{2,6},{3,7} or {6,10},{7,11},{8,12},{9,13} or split over two symbols with {10,0},{11,1},{12,2},{13,3}.
[bookmark: _Ref505691831]15kHz
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Figure 7 15kHz SS-block pattern with possible two symbol TRS-burst positions with inter symbol distance five, in some cases split over two slots. The symbol positions of each TRS resource set is illustrated with two equal colored circles.
The 15 kHz pattern allows for two symbol TRS’s with inter-symbol distance 5 in each slot containing two SS-blocks (TRS one in symbols {1,6} and TRS two in symbols {7,12}). This will allow for as many and as frequent TRS’s as there are SS-blocks.
[bookmark: _Ref505691833]30kHz
The 30kHz patterns are either identical to the 15kHz pattern or to the 120kHz pattern (defined per frequency band) and the TRS possibilities are as for these patterns.
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). Last meeting there were proposals to also 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  
At the last meeting, new periodicities (8, 16, 32, 64 ms) where introduced for CSI-RS and SRS. For TDD, and semi static UL-DL switching, to be compatible (with periodic signals), the periodicity of the UL-DL switching periodicity must evenly divide the periodicities of each active periodic signal (e.g. TRS, CSI-RS, SRS and SSB). For cells supporting initial access it has been agreed that the default SSB periodicity is 20ms in all bands.  
The new periodicities were introduced to cater for newly proposed periodicities of the semi static UL-DL switching. None new semi static UL-DL switching periodicities are compatible with the default SSB periodicity used for initial access. Thus, the applicability of these new UL-DL switching periodicities are very limited. At the last meeting these new periodicities were discussed for TRS but not agreed.
[bookmark: _Toc506547401]The newly proposed periodicities for semi static UL-DL switching are not compatible with the default periodicity of the SSB used for supporting initial access and their applicability is therefore very limited.

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.
Conclusions
In this contribution, we made the following observations:
1. For a UE specific periodic TRS already 100 UE’s in connected mode would result in analog beamforming related scheduling restrictions in 8.9% of the symbols and an overhead of 2.2% while 500 UE’s in connected mode would result in scheduling restrictions in 44% of the symbols and an overhead of  for 120kHz subcarrier spacing, 20ms TRS periodicity and one slot TRS.
Configuring a set of periodic TRS’s shared by the UEs and transmitted in semi-wide beams similarly to the SS-blocks can reduce the TRS overhead compared to the use of a UE specific periodic TRS. Still, for 256 PDSCH beams one would need 64 TRS’s which would give scheduling restrictions in 5.7% of the symbols and an overhead of  for 120kHz subcarrier spacing, 20ms TRS periodicity and one slot TRS.
Utilizing a DCI triggered aperiodic TRS doesn’t result in any analog beamforming related scheduling restrictions and assuming that an average of 30 different UEs are scheduled within a time period of 20ms the TRS overhead would be limited to  for 120kHz subcarrier spacing and one slot TRS.
TRS overhead and scheduling restriction numbers are inversely proportional to the subcarrier spacing, inversely proportional to the TRS periodicity and proportional to the TRS-burst length.
Without aperiodic TRS the SCell activation delay will be significantly longer for NR than for LTE where the CRS is used. RAN4 is currently considering four to five SS-block periods for blind SCell activation and one to two SS-block periods for SCell activation when the UE has recent measurements on SCell 
With an aperiodic TRS on SCell triggered by DCI on PCell the NR SCell activation delay would be on par with LTE. 
To fit TRS’s within SS-block slots would require TRS design modifications like new TRS symbol positions, new TRS inter symbol distances and/or the possibility to have a two slot TRS burst with one TRS symbol in each of the two slots. To fit TRS’s within SS-block slots would also make it harder to squeeze in mini-slots that may be needed for latency critical applications.
The newly proposed periodicities for semi static UL-DL switching are not compatible with the default periodicity of the SSB used for supporting initial access and their applicability is therefore very limited.


In this contribution, we made the following proposals:
[bookmark: _GoBack]Proposal 0	Add an optional RRC parameter FDM_with_data_disabled to the CSI-RS resource configuration which indicates semi-statically whether PDSCH should not be mapped to the remaining RE across the full BWP, in the OFDM symbols containing the NZP CSI-RS (where mapping data as FDM is default).
1. For above 6GHz it shall be possible to configure a UE with an aperiodic TRS as an alternative to a periodic TRS. 
1. Joint use of TRS and SS-block for fine frequency and time tracking is not supported.
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.



We make the following text proposals for TS 38.214:
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>
[bookmark: _Toc501048174]5.1.6.1.1	CSI-RS for tracking
A UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a CSI-RS resource set for tracking, and receive the higher layer parameter TRS-INFO set as ‘ON’.
If a UE is configured with the higher layer parameter TRS-INFO set as 'ON', the UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the CSI-RS resource set is same. For frequency range 1, the UE may be configured with a CSI-RS resource set of two periodic CSI-RS resources in one slot or with a CSI-RS resource set 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 CSI-RS resource set of two aperiodic or two periodic CSI-RS resources in one slot or with a CSI-RS resource set of four aperiodic or four periodic CSI-RS resources in two consecutive slots with two aperiodic or two periodic CSI-RS resources in each slot. 
The aperiodic or periodic CSI-RS resources in the CSI-RS resource set with higher layer parameter TRS-INFO set as ‘ON’ have the same periodicity, bandwidth and subcarrier location.
Each CSI-RS resource, defined in Subclause 7.4.1.5.2-1 of [4, TS 38.211], is configured by the higher-layer parameter NZP-CSI-RS-ResourceConfig with the following restrictions:



-	the time-domain locations of the two periodic CSI-RS resources in a slot, or of the four periodic CSI-RS resources in two consecutive slots, as defined by higher layer parameter CSI-RS-resourceMapping, is given by one of , , or 

-	a single port CSI-RS resource with density  given by Table 7.4.1.5.2-1 and higher layer parameter csi-RS-Density.


-	the bandwidth of the CSI-RS resource, as given by the higher layer parameter csi-RS-FreqBand, is the minimum of 50 or  resource blocks, or is equal to  resource blocks when the bandwidth of active BWP is greater than 50 resource blocks and when the periodicity of the CSI-RS resource is greater than 10ms


-	in case of periodic CSI-RS for tracking, the periodicity, as given by the higher layer parameter csi-RS-timeConfig, 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].  
-	same Pc and Pc_SS value across all resources. The UE may also assume that the antenna port associated with the SS/PBCH block given by the CSI-RS for time/frequency tracking burst configuration and the antenna port associated with the CSI-RS for time/frequency tracking burst are quasi co-located with respect to Doppler shift, average delay and if configured, the spatial Rx parameter.
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>
[bookmark: _In-sequence_SDU_delivery]References
1. R1-1720898, Remaining Details of TRS Design, Nokia, Nokia Shanghai Bell, RAN1#91, Dec 2017.
1. R1-1719545, Remaining Details of TRS, ZTE, Sanechips, RAN1#91, Dec 2017.
1. R1-1720745, Remaining Details on TRS, Ericsson, RAN1#91, Dec 2017.
1. R1-1720671, Remaining Issues on TRS, Qualcomm, RAN1#91, Dec 2017.
1. R1-1802761, Evaluations of TRS periodicity, Ericsson, RAN1#92, Feb 2018
1. [bookmark: _Ref506383058]R1-1802763, On UE TX frequency accuracy with TRS based synchronization, Ericsson, RAN1#92, Feb 2018
Appendix A
Overhead and proportion of OFDM symbols used for one periodic TRS
For a TRS burst consisting of X slots with two symbols in each slot,  symbols are used for transmitting the TRS within one TRS periodicity . The total number of slots within one TRS periodicity  is  where  is the average symbol time (including CP) for numerology n, i.e. . The proportion of the OFDM symbols that is used for a TRS’s with slot length X slots and TRS periodicity  is thus
 ,                               (1)
where n is the numerology, SCS is the subcarrier spacing and we used that   .
Using that the TRS is transmitted with frequency density ¼ we can now calculate the TRS overhead in terms of resource elements as
 , (2)
where the  is the TRS bandwidth and  is the system bandwidth.
Overhead in terms of resource elements used for DCI scheduled aperiodic TRS’s
The DCI scheduled aperiodic TRS doesn’t result in any analog beamforming related scheduling restrictions since the TRS is transmitted together with downlink data (except for the case of very uplink heavy traffic where a TRS may have to be scheduled even if there is no downlink data to transmit). The TRS does, however, give an overhead in terms of resource element utilization which we will evaluate here.
We assume that for UE that is scheduled for a downlink data transmission the aperiodic TRS is scheduled if the time since the last TRS transmission to the UE is equal to or larger than  . Within a time period   the number of TRS’s that will be transmitted will be equal to the number of different UE’s that are scheduled with downlink within the time period  . The TRS overhead will thus be the same as the TRS overhead for a periodic TRS with periodicity  multiplied with the number of different UE’s that are scheduled with downlink within the time period  , i.e.
,                                                      (3)
where b is the average number of different UE’s scheduled within a time period .
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