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Introduction
[bookmark: _Ref178064866]At RAN1#91 in Reno many companies noted that the periodic TRS concept doesn’t scale well for large numbers of beams and analog beamforming at high frequencies and proposed different improved concepts. Nokia, Nokia Shanghai Bell, ZTE and Sanechips argued for a solution re-using the same CSI-RS resources both for beam management and for fine frequency and time tracking [1,2]. In [3], Ericsson proposed to FDM the TRS with the SS-block and utilize the SS-block and TRS reference symbols in combination for fine frequency and time tracking. In [4], Qualcomm proposed the use of a DCI scheduled aperiodic TRS.
Due to meeting time constraints it was not possible to discuss the proposals and beam scaling problems in any depth and in an effort to complete NR on time RAN1 decided to go for the periodic TRS concept designed for low frequencies also for high carrier frequencies. Based on the concerns for the beam scaling problem raised by so many companies we believe that we are not alone in being very concerned about this decision.
After a more thorough analysis we find that the solution based on a DCI scheduled aperiodic TRS is clearly the superior solution. It is the only solution that fully scales with the number of beams. 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.
Fortunately, 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 some more TRS related corrections for 38.214 are proposed.
Discussion
[bookmark: _Ref503448604]Periodic or aperiodic TRS at high frequency bands
At high carrier frequencies the TRS needs to be beamformed both to achieve coverage and also in order to give time and frequency synchronization that matches the channel for the beamformed PDSCH. This means that UEs can’t share one common periodic TRS. Instead a number of TRS’s are needed which increases the TRS overhead. 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 severe 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.
To understand how substantial the problems with overhead and scheduling restrictions is for the TRS we note that the proportion of the symbols that are used for a one slot TRS with TRS periodicity 20 ms for 120kHz subcarrier spacing is 
,
while the overhead in terms of resource elements is
,
where the  is the TRS bandwidth and  is the system bandwidth.
The simple calculations can be found in the Appendix where it’s also shown that  and  are inversely proportional to the subcarrier spacing and to the TRS periodicity. For a two slot TRS the numbers should obviously be doubled. In the discussion below we will, however, for simplicity stick to the scenario with 120kHz subcarrier spacing and 20 ms TRS periodicity.
For analog beamforming, a proportion  of the symbols can only be used for PDSCH transmission in the direction of the TRS beam (using the same antenna panels as the TRS). For a large number of gNB antenna elements and thus narrow beams, these symbols will rarely be possible to utilize for PDSCH transmissions simply because there will rarely be a UE in the TRS beam with data in the buffer.
Note that for TDD you also need to take the UL/DL ratio into account. To get the proportion of symbols used for the TRS relative to all downlink symbols one needs to take , where  is the proportion of downlink symbols relative to all symbols. Similarly,  should be divided with  in order to get the overhead relative to all downlink resources.
The numbers above are small in themselves but due to beamforming a large number of TRS’s are needed. 
UE specific periodic TRS
One possibility is to have individual TRSs 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. 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]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 

A shared set of periodic TRS’s transmitted in semi-wide beams similarly to the SS-blocks
Another possibility is to have 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 SS-block beams. For coverage reasons and in order to give time and frequency synch matching the PDSCH beams the TRS beams can’t be arbitrarily wide as compared to the PDSCH beams.
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. 16 TRS’s would give scheduling restrictions in 1.4% of the symbols. The overhead would formally be  but due to power boosting all resources 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]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 

Aperiodic TRS triggered by DCI
The aperiodic TRS doesn’t result in any analog beamforming related scheduling restrictions since the TRS is 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  . 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  .
If we assume that 30 different UE’s are scheduled within the time period   we get an overhead of . This is clearly by far superior to any type of periodic TRS.
[bookmark: _Toc503457678]Utilizing a DCI triggered aperiodic TRS doesn’t result in any analog beamforming related scheduling restrictions and assuming that an average of 30 different UE’s are scheduled within a time period of 20ms the TRS overhead would be limited to 
[bookmark: _Toc503457636]For above 6GHz it shall be possible to configure a UE with an aperiodic TRS as an alternative to a periodic TRS. 
The text proposal related to this can be seen in section 2.3.
Further corrections to 38.214



According to RAN1 agreements, the bandwidth of the TRS is ‘min(50, ) or  resource blocks’ and not ‘minimum of 50 or  resource blocks’ as currently stated in section 5.1.6.1.1 in 38.214.
The reference to Table 7.4.1.5.2-1 in section 5.1.6.1.1 in 38.214 is incorrect and should instead refer to Table 7.4.1.5.2-1.
In addition to the corrections mentioned above, it is also clearer in 38.214 if a reference is given to the definitions of FR1 and FR2. Moreover, the CSI-RS resource periodicities in TS 38.211 are expressed in terms of slots and the corresponding conversion is needed as well.
Furthermore, the references to higher layer parameters in section 5.1.6.1.1 in 38.214 are both incomplete and incorrect
Complete and correct references to higher layer parameters, introduce a reference to the definition of spectrum type in TS38.101, express the TRS periodicity in terms of slots, correct the TRS bandwidth and correct the table reference in section 5.1.6.1.1 in 38.214. 
The text proposal related to this can be seen in section 2.3.
Text proposal for 38.214
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>
5.1.6.1.1	CSI-RS for tracking
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. The possible CSI-RS resource set configurations for CSI-RS for tracking depends on FR1 and FR2 and the spectrum type as defined in [TS38.101]. For frequency range FR1, the UE may be configured with a CSI-RS resource set of four periodic CSI-RS resources in two consecutive slots with two CSI-RS resources in each slot, for frequency range FR2 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 periodic CSI-RS resources in two consecutive slots with two CSI-RS resources in each slot. 
Each CSI-RS resource, defined in Subclause 7.4.1.5 of [4, TS 38.211], is configured by the higher-layer parameter NZP-CSI-RS-Resource CSI-RS-ResourceMapping with the following restrictions:



-	the time-domain locations of the two CSI-RS resources in a slot, 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 7.4.1.5.2-12 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 minimum of min(50, ) or  resource blocks 
-	in case of periodic CSI-RS for tracking, the periodicity as given by higher layer parameter CSI-RS-timeConfig is one of  slots where 10, 20, 40, or 80 ms and where µ is defined in [4.2, TS 38.211].  
[bookmark: _GoBack]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 >>>>>>>>>>>>
Conclusions
In this contribution, we made the following observations:
Observation 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 
Observation 2	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 
Observation 3	Utilizing a DCI scheduled aperiodic TRS doesn’t result in any analog beamforming related scheduling restrictions and assuming that an average of 30 different UE’s are scheduled within a time period of 20ms the TRS overhead would be limited to 

In this contribution, we made the following proposals:
1. For above 6GHz it shall be possible to configure a UE with an aperiodic TRS as an alternative to a periodic TRS. 
Complete and correct references to higher layer parameters, introduce a reference to the definition of spectrum type in TS38.101, express the TRS periodicity in terms of slots, correct the TRS bandwidth and correct the table reference in section 5.1.6.1.1 in 38.214.
We make the following text proposals for TS 38.214:
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>
5.1.6.1.1	CSI-RS for tracking
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. The possible CSI-RS resource set configurations for CSI-RS for tracking depends on FR1 and FR2 and the spectrum type as defined in [TS38.101]. For frequency range FR1, the UE may be configured with a CSI-RS resource set of four periodic CSI-RS resources in two consecutive slots with two CSI-RS resources in each slot, for frequency range FR2 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 periodic CSI-RS resources in two consecutive slots with two CSI-RS resources in each slot. 
Each CSI-RS resource, defined in Subclause 7.4.1.5 of [4, TS 38.211], is configured by the higher-layer parameter NZP-CSI-RS-Resource CSI-RS-ResourceMapping with the following restrictions:



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

-	a single port CSI-RS resource with density  given by Table 7.4.1.5.2-12 and higher layer parameter density


-	the bandwidth of the CSI-RS resource, as given by the higher layer parameter nrofRBs, is minimum of min(50, ) or  resource blocks 
-	in case of periodic CSI-RS for tracking, the periodicity as given by higher layer parameter periodicityAndOffset is one of  slots where 10, 20, 40, or 80 ms and where µ is defined in [4.2, TS 38.211].  
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 >>>>>>>>>>>>
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Appendix
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
 ,
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
 ,
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.
,
where b is the average number of different UE’s scheduled within a time period .
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