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Introduction
In this contribution we make an effort to conclude on the remaining details on TRS.
In section 2.1 we propose a way to configure the TRS as a CSI-RS resource set, indicating port-coherence within the resource set.
In section 2.2.1 we investigate one slot TRS bursts and alternative comb factors for below 6GHz. We conclude that comb factor 1 can be useful for one slot TRS bursts of limited bandwidth.
In section 2.2.2 we demonstrate the outstanding usefulness of the TRS pattern with symbol positions 5-8 and propose this pattern for general usage. We also propose the TRS pattern with symbol positions 6-10 for high speed train scenarios.
In section 2.3.1 we propose that the same TRS burst periodicities that have been agreed for below 6GHz are used also for above 6GHz.
In section 2.3.2 we propose that for analog beamforming above 6GHz, fine time and frequency estimation can be performed based on the combination of reference signals in the SS-block (PSS and PBCH-DMRS) and a TRS which is FD-multiplexed with the SS-block.
For above 6GHz we propose in section 2.3.3 that it should be possible to configure a two-symbol, one slot TRS burst with inter-carrier distance Sf=1 for doing efficient FDM of TRS with SS block for limited UE bandwidths/bandwidth parts.
In section 2.3.4 we show that PTRS based frequency estimation works very well except for very small allocations at low SNR.
In section 2.3.5 we conclude that using a one slot TRS for frequency and time estimation for small data allocations and using the PTRS for larger data allocations we can achieve good performance without too much TRS overhead above 6GHz.
Below, we give for reference the agreements from 3GPP TSG RAN WG1 Meeting 90bis, Prague, CZ, 9th – 13th, October 2017.
Agreement
Following TRS BWs are supported in NR
min(BWP, ~50RBs)
FFS: BWP
UE is not expected to receive TRS outside the BWP
TRS RB position is configured by gNB

Agreement:
TRS can be configured on a carrier or on an active BWP when SS block is not present

Agreement
· For N=2+2, X=2, TRS symbols have the same symbol positions in the two consecutive slots
· DMRS and TRS are at least TDMed from UE perspective
· One of the following symbol positions per slot can be configured by RRC, 
· Option 1: symbol 4 and 8 (symbol index starts from 0)
· Option 2: symbol 5 and 9
· Option 3: symbol 6 and 10
· Note 1: Potential down selection can be done until next meeting. It is not limited to select only one option
· Note 2: RRC signaling to configure TRS as above can be related to the existing RRC signaling for DMRS, CSI-RS, etc.
· Note 3: It is not precluded to have additional options

Agreement:
· TRS can be configured as one-port CSI-RS resource(s) with the agreed parameters on St, Sf, N, B, X and Y
· FFS on one or multiple resources
· Note: TRS is also supported in above-6GHz
· FFS on the parameters X, N, St
· FFS: TRS periodicity
· For below 6GHz, TRS periodicity 10ms, 20ms, 40ms and 80ms are supported
· For RAN4 information, 10ms is introduced for high speed train scenario
· Note: It is up to the editor to capture the periodicity in units of slots
· TRS BW can be equal to BW of BWP
· UE is not expected to be simultaneously configured with TRS BW equal to BWP and TRS periodicity of 10ms if the BWP is larger than 50 RBs 
· FFS on CSI-RS measurement restriction functionality can be configured between TRS bursts
· Sf=4
· FFS: Additional Sf values 
· for below 6GHz
· FFS on X=1


[bookmark: _Ref178064866]Discussion
[bookmark: _Ref498726725]TRS configuration 
It has been agreed that
· TRS can be configured as one-port CSI-RS resource(s) with the agreed parameters on St, Sf, N, B, X and Y
· FFS on one or multiple resources

There have also been various agreements in the QCL framework involving TRS which are not repeated here. The can almost be achieved with the current agreed CSI-RS framework. What remains to be agreed is that

· RPF=4 is a valid frequency density for a single port CSI-RS resource
· A CSI-RS resource can be configured to OFDM symbols 4 and 5 as well
· The group of four single port CSI-RS resources across two adjacent slots can be configured to correspond to a single TRS antenna port 
· A partial BW CSI-RS resource must be possible to configure to ~50 RB 
Various CSI-RS resource defining features such as sequence scrambling, measurement restriction configuration, zero power CSI-RS (if supported) is automatically inherited to TRS without further agreements.
It is critical for estimation of frequency related parameters that the four ports in the four different CSI-RS resources are the same port, i.e. coherence is needed. Assuming a QCL relation on e.g. spatial Rx quasi co-location (e.g. using ResourceRep) is insufficient since that condition only guarantees that the ports are transmitted with the same beam (no phase coherency is guaranteed). 

Hence, we propose the following

[bookmark: _Toc498728052]Introduce a “Port coherence flag” in the Resource set configuration to indicate whether the UE may assume that the port in each of the CSI-RS resources is the same port across all resources in the resource set. 

This flag may only be present when the CSI-RS resources in the resource set are single port resources. Furthermore, the specification could introduce a new port number for a “TRS antenna port” for easy reference to this new port defined with this resource set. 

The RRC configuration of a TRS can be captured as a Resource Set configuration continuing four NZP CSI-RS resources as in the following example:

· ResourceConfigList 
· ResourceSetConfig (S ≥ 1 CSI-RS Resource Sets), containing
· Port coherence flag = ON
· Indicates whether the port in the CSI-RS resources is the same port across all resources in the resource set
· Ks=4 NZP-CSI-RS-ResourceConfig, containing 
· CSI-RS-ResourceConfigId=1,2,3,4 
· NrofPorts=1
· CSI-RS-timeConfig = slot offset={0,0,1,1} respectively, {10,20,40,80} ms
· CSI-RS-ResourceMapping , l={4,8} (time mapping example) , k={0,1,2 or 3} (freq.offset)
· CSI-RS-Density = 3
· CDMType = 1
· CSI-RS-FreqBand = 50 RB or full BWP
· Pc = 1
· ScramblingID = {0-(2^15-1)}
· ResourceConfigType ={periodic}

Note that this changes slightly the definition of the measurement restriction, since if MR is enabled for each of the resources in the resource set that now is a coherent port, then the UE may assume that the MR applies between different such bursts of 4 CSI-RS resources, but not between CSI-RS resources within each  bursts.  
There may thus be a need to revisit and clarify measurement restriction in the case of TRS.
TRS below 6GHz
[bookmark: _Ref498726980]TRS burst format
In 3GPP TSG RAN WG1 Meeting 90bis, Prague, CZ, 9th – 13th, October 2017 it was agreed that 
· Sf=4
· FFS: Additional Sf values 
· for below 6GHz
· FFS on X=1

Using a TRS burst format with X=1 could have some benefits compared to TRS burst format with X=2. For instance, 
1. It will take less time to obtain synchronization since the UE only need to receive a one-slot TRS burst instead of a two-slot TRS burst before all data for processing is available.
2. Fast TDD switching could happen more frequently without interfering with TRS burst transmissions.  

The disadvantage with reduced length of the TRS burst is that the synchronization performance will suffer. In [2]-[3], synchronization performance is presented for the N= 2+2, two-slot TRS burst format and for a N=2, one-slot TRS burst format using the same TRS inter-symbol distance St=4. A comparison of the throughput is presented in Figure 1 and the frequency synchronization performance at -6 dB SNR is presented in Figure 2.  

[image: A:\work\eperern_frequency_and_time_tracking_rs\results\ecshaer_ran1_91_1127\X1n3_X1_f.jpg]
[bookmark: _Ref498714138]Figure 1 Throughput versus SNR for the N= 2+2, two-slot TRS burst format and a N=2, one-slot TRS burst format both using the same TRS inter-symbol distance St=4 varying the TRS inter-frequency distance sf = 1,2,4. 



[image: A:\work\eperern_frequency_and_time_tracking_rs\results\ecshaer_ran1_91_1127\X1n3_X1_tp.jpg]
[bookmark: _Ref498714174]Figure 2 Frequency synchronization error at -6dB SNR versus the TRS inter-frequency distance (sf = 1,2,4) for the N= 2+2, two-slot TRS burst format and for a N=2, one-slot TRS burst format both using the same TRS inter-symbol distance St=4. 
[bookmark: _Toc498728017]A two-symbol, one slot TRS burst with bandwidth B = 50 RBs can almost achieve an rms frequency synchronization error of 1% of the SCS with Sf= 4. A two symbol, one slot TRS burst with bandwidth B = 20 RBs can almost achieve an rms frequency synchronization error of 2% with Sf= 4 and need sf=1 to achieve an rms frequency synchronization error of 1%.
[bookmark: _Toc498728018]A two-symbol, one slot TRS burst with bandwidth B = 50 RBs can almost achieve the same throughput as the two slot TRS burst with Sf < 4. With Sf = 4 there is a noticeable degradation of performance (~0.2 dB).  With TRS bandwidth B = 20 RBs there is a 0.5dB degradation with Sf=4 and a noticeable degradation with SF=2. Sf=1 performs similar as the two-slot TRS burst.
[bookmark: _Toc498728053]Consider allowing the configuration of TRS inter-symbol distance sf < 4 if allowing one slot TRS burst.

[bookmark: _Ref498724805]TRS positions
In 3GPP TSG RAN WG1 Meeting 90bis, Prague, CZ, 9th – 13th, October 2017 it was agreed that 
· For N=2+2, X=2, TRS symbols have the same symbol positions in the two consecutive slots
· DMRS and TRS are at least TDMed from UE perspective
· One of the following symbol positions per slot can be configured by RRC, 
· Option 1: symbol 4 and 8 (symbol index starts from 0)
· Option 2: symbol 5 and 9
· Option 3: symbol 6 and 10
· Note 1: Potential down selection can be done until next meeting. It is not limited to select only one option
· Note 2: RRC signaling to configure TRS as above can be related to the existing RRC signaling for DMRS, CSI-RS, etc.
· Note 3: It is not precluded to have additional options

In this section we investigate how different TRS patterns (symbol positions per slot) fit with different DMRS configurations. We evaluate how useful the different TRS patterns are and propose two patterns to use.
Option 1: the 4-8 pattern
For the 4-8 pattern there is a clash with DMRS for the slot-configurations given in Table 1. The configurations on row 1, 2 and 3 are for very high speeds and are only used in dedicated high-speed train deployments along train railroads.
The configurations on row 4, 5 and 6 is the 2+2 DMRS configuration with more than one uplink symbol. This can be handled with a scheduler restriction. In a slot with a 4-8 TRS the scheduler uses the 1+1 DMRS configuration (DMRS at symbol index 2 and 9) instead and indicates this dynamically to the UE with DCI indication. This clearly limits the number of layers and/or UEs that can be scheduled in a slot occupied with TRS.
For the configurations on row 4 and 5 an alternative solution would be to use dynamic adaption of the DMRS pattern. In a slot with 2 or 3 uplink symbols and a 4-8 TRS the DMRS symbol at symbol index 8 would be moved to symbol index 10. This would not restrict the number of UEs/layers that can be scheduled. It would require interpolation of DMRS over one more symbol compared with the original pattern but this would not be expected to impact performance significantly. The solution would, however, require yet another DMRS pattern.
The configurations on row 7 to 16 are all for three symbol PDCCH configurations and are thus relevant for deployments on small bandwidths only. Here all 2+2 DMRS configurations are affected. Also this can be handled through a scheduler restriction using the DCI to indicate that a 1+1 configuration (DMRS at index 3 and 9 or 3 and 11) is used.
[bookmark: _Toc498728019]The 4-8 TRS pattern clashes with quite few DMRS configurations. It is not compatible with the four symbol TRS for very high speeds (used for high speed train scenarios). It does clash also with a few DMRS configurations with two frontloaded DMRS and two additional DMRS, but all these clashes can be avoided by DCI signalling to indicate the use of one frontloaded DMRS plus one additional DMRS instead.
[bookmark: _Ref496276747]Table 1 DMRS configurations that clash with the 4-8 TRS pattern
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	PDCCH
	PDCCH
	DMRS
	
	
	DMRS
	
	
	DMRS
	
	
	DMRS
	
	

	2
	PDCCH
	PDCCH
	DMRS
	
	
	DMRS
	
	
	DMRS
	
	
	DMRS
	
	UL

	3
	PDCCH
	PDCCH
	DMRS
	
	
	DMRS
	
	
	DMRS
	
	
	DMRS
	UL
	UL

	4
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	DMRS
	DMRS
	
	
	UL
	UL

	5
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	DMRS
	DMRS
	
	UL
	UL
	UL

	6
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	DMRS
	DMRS
	UL
	UL
	UL
	UL

	7
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	
	
	
	

	8
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	
	
	
	UL

	9
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	
	
	UL
	UL

	10
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	
	UL
	UL
	UL

	11
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	UL
	UL
	UL
	UL

	12
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	UL
	UL
	UL
	UL
	UL

	13
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	DMRS
	DMRS
	
	

	14
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	DMRS
	DMRS
	
	UL

	15
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	DMRS
	DMRS
	
	
	UL
	UL

	16
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	DMRS
	DMRS
	
	UL
	UL
	UL


The 5-8 pattern
For the 5-8 pattern with inter symbol distance three there is a clash with DMRS for the slot-configurations given in Table 2. There are strikingly few clashes. There is a collision with the four symbol DMRS pattern for very high speeds. The few remaining clashes are for two frontloaded DMRS plus two additional DMRS and can all be alleviated by indicating the use of one frontloaded DMRS plus one additional DMRS using DCI indication.
Note that the DMRS configuration that clashes with the 5-8 pattern is a subset of the DMRS configurations that clashes with the 4-8 pattern. The 5-8 pattern is thus more generally useful than the 4-8 pattern. For 2 PDCCH configurations the 5-8 pattern and the 4-8 pattern have exactly the same clashes. For 3 PDCCH configurations the 4-8 pattern clashes with all DMRS patterns with two frontloaded DMRS, while the 5-8 pattern only clashes with the two patterns on row 7 and 8. 

[bookmark: _Toc498728020]The 5-8 TRS pattern (inter symbol distance three) clashes with very few DMRS configurations. It is not compatible with the four symbol TRS for very high speeds (used for high speed train scenarios). It does clash also with a few DMRS configurations with two frontloaded DMRS and two additional DMRS, but all these clashes can be avoided by DCI signalling to indicate the use of one frontloaded DMRS plus one additional DMRS instead.
[bookmark: _Toc498728021]The DMRS configuration that clashes with the 5-8 pattern is a subset of the DMRS configurations that clashes with the 4-8 pattern. The 5-8 pattern is thus more generally useful than the 4-8 pattern. For 2 PDCCH configurations the 5-8 pattern and the 4-8 pattern have exactly the same clashes. For 3 PDCCH configurations the 4-8 pattern clashes with all DMRS patterns with two frontloaded DMRS, while the 5-8 pattern only clashes with the DMRS configuration with two frontloaded DMRS plus two additional DMRS in symbol 8 and 9.
[bookmark: _Ref498722694]Table 2 DMRS configurations that clash with the 5-8 TRS pattern
	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	 1
	PDCCH
	PDCCH
	DMRS
	 
	 
	DMRS
	 
	 
	DMRS
	 
	 
	DMRS
	 
	 

	 2
	PDCCH
	PDCCH
	DMRS
	 
	 
	DMRS
	 
	 
	DMRS
	 
	 
	DMRS
	 
	UL

	 3
	PDCCH
	PDCCH
	DMRS
	 
	 
	DMRS
	 
	 
	DMRS
	 
	 
	DMRS
	UL
	UL

	 4
	PDCCH
	PDCCH
	DMRS
	DMRS
	 
	 
	 
	 
	DMRS
	DMRS
	 
	 
	UL
	UL

	 5
	PDCCH
	PDCCH
	DMRS
	DMRS
	 
	 
	 
	 
	DMRS
	DMRS
	 
	UL
	UL
	UL

	 6
	PDCCH
	PDCCH
	DMRS
	DMRS
	 
	 
	 
	 
	DMRS
	DMRS
	UL
	UL
	UL
	UL

	 7
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	 
	 
	 
	DMRS
	DMRS
	 
	 
	UL
	UL

	 8
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	 
	 
	 
	DMRS
	DMRS
	 
	UL
	UL
	UL




Option 3: the 6-10 pattern
For the 6-10 pattern there is a clash with DMRS for the slot-configurations given in Table 2.
For the 6-10 TRS pattern there can be no more than 3 uplink symbols in the slot. This clearly is a quite serious restriction.
In addition there is a clash with the 2+2 DMRS configuration for less than two uplink symbols (row 7, 8, 16 and 17). This can be handled through a scheduler restriction using the DCI to indicate that a 1+1 configuration (DMRS at index 2 and 11 or 3 and 11) is used.
Finally, there is a clash with the high mobility 3 DMRS pattern for more than two uplink symbols.
The 6-10 pattern could be useful for the high-speed train scenario. For other scenarios the 4-8 pattern gives less restrictions.
[bookmark: _Toc498728022]The 6-10 TRS pattern clashes with a number of DMRS patterns. However, it doesn’t clash with the four symbol DMRS pattern for very high speeds. This pattern could therefore be useful for high speed train scenarios. For other scenarios the 5-8 and 4-8 patterns give less restrictions.
[bookmark: _Ref496280014]Table 3 DMRS configurations that clash with the 6-10 TRS pattern
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	PDCCH
	PDCCH
	DMRS
	
	
	
	
	
	
	DMRS
	UL
	UL
	UL
	UL

	2
	PDCCH
	PDCCH
	DMRS
	
	
	
	
	DMRS
	
	UL
	UL
	UL
	UL
	UL

	3
	PDCCH
	PDCCH
	DMRS
	
	
	
	DMRS
	
	
	DMRS
	
	UL
	UL
	UL

	4
	PDCCH
	PDCCH
	DMRS
	
	
	
	DMRS
	
	
	DMRS
	UL
	UL
	UL
	UL

	5
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	
	UL
	UL
	UL
	UL

	6
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	UL
	UL
	UL
	UL
	UL

	7
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	
	DMRS
	DMRS
	
	

	8
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	
	DMRS
	DMRS
	
	UL

	9
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	DMRS
	DMRS
	UL
	UL
	UL
	UL

	10
	PDCCH
	PDCCH
	PDCCH
	DMRS
	
	
	
	
	
	DMRS
	UL
	UL
	UL
	UL

	11
	PDCCH
	PDCCH
	PDCCH
	DMRS
	
	
	
	DMRS
	
	UL
	UL
	UL
	UL
	UL

	12
	PDCCH
	PDCCH
	PDCCH
	DMRS
	
	
	DMRS
	
	
	DMRS
	
	UL
	UL
	UL

	13
	PDCCH
	PDCCH
	PDCCH
	DMRS
	
	
	DMRS
	
	
	DMRS
	UL
	UL
	UL
	UL

	14
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	UL
	UL
	UL
	UL

	15
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	UL
	UL
	UL
	UL
	UL

	16
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	DMRS
	DMRS
	
	

	17
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	DMRS
	DMRS
	
	UL



Option 2: 5-9 pattern
For the 5-9 pattern there is a clash with DMRS for the slot-configurations given in Table 4. Clearly, there are many serious clashes that can’t be alleviated through DCI indication. We see no additional use of this pattern as compared to the 5-8, 4-8 and 6-10 patterns.
[bookmark: _Toc498728023]For the 5-9 pattern there are many serious clashes that can’t be alleviated through DCI indication. We see no additional use of this pattern as compared to the 5-8, 4-8 and 6-10 patterns.

[bookmark: _Ref496281517]Table 4 DMRS configurations that clash with the 5-9 TRS pattern
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	PDCCH
	PDCCH
	DMRS
	
	
	
	
	
	
	DMRS
	
	
	UL
	UL

	2
	PDCCH
	PDCCH
	DMRS
	
	
	
	
	
	
	DMRS
	
	UL
	UL
	UL

	3
	PDCCH
	PDCCH
	DMRS
	
	
	
	
	
	
	DMRS
	UL
	UL
	UL
	UL

	4
	PDCCH
	PDCCH
	DMRS
	
	
	
	
	DMRS
	
	UL
	UL
	UL
	UL
	UL

	5
	PDCCH
	PDCCH
	DMRS
	
	
	
	DMRS
	
	
	DMRS
	
	UL
	UL
	UL

	6
	PDCCH
	PDCCH
	DMRS
	
	
	
	DMRS
	
	
	DMRS
	UL
	UL
	UL
	UL

	7
	PDCCH
	PDCCH
	DMRS
	
	
	DMRS
	
	
	DMRS
	
	
	DMRS
	
	

	8
	PDCCH
	PDCCH
	DMRS
	
	
	DMRS
	
	
	DMRS
	
	
	DMRS
	
	UL

	9
	PDCCH
	PDCCH
	DMRS
	
	
	DMRS
	
	
	DMRS
	
	
	DMRS
	UL
	UL

	10
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	UL
	UL
	UL
	UL
	UL

	11
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	DMRS
	DMRS
	
	
	UL
	UL

	12
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	DMRS
	DMRS
	
	UL
	UL
	UL

	13
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	DMRS
	DMRS
	UL
	UL
	UL
	UL

	14
	PDCCH
	PDCCH
	PDCCH
	DMRS
	
	
	
	
	
	DMRS
	
	
	UL
	UL

	15
	PDCCH
	PDCCH
	PDCCH
	DMRS
	
	
	
	
	
	DMRS
	
	UL
	UL
	UL

	16
	PDCCH
	PDCCH
	PDCCH
	DMRS
	
	
	
	
	
	DMRS
	UL
	UL
	UL
	UL

	17
	PDCCH
	PDCCH
	PDCCH
	DMRS
	
	
	
	DMRS
	
	UL
	UL
	UL
	UL
	UL

	18
	PDCCH
	PDCCH
	PDCCH
	DMRS
	
	
	DMRS
	
	
	DMRS
	
	UL
	UL
	UL

	19
	PDCCH
	PDCCH
	PDCCH
	DMRS
	
	
	DMRS
	
	
	DMRS
	UL
	UL
	UL
	UL

	20
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	UL
	UL
	UL
	UL
	UL

	21
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	DMRS
	DMRS
	
	
	UL
	UL

	22
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	DMRS
	DMRS
	
	UL
	UL
	UL




The 4-7 pattern
For the 4-7 pattern with inter symbol distance three there is a clash with DMRS for the slot-configurations given in Table 4.
This pattern could be useful for cells/deployments with max two PDCCH symbols (i.e. all wideband deployments). With max two PDCCH there are only three clashes (row 1, 2 and 3).
There is a clash with the high speed three symbol DMRS pattern for less than two uplink symbols (row 2 and 3). Thus, it’s not useful in scenarios where speeds beyond 150km/h can be expected.
There is also a clash with the 1+1 DMRS configuration for five uplink symbols. Thus, it would not be possible to have more than four uplink symbols in a slot with a 4-7 TRS.
Thus, comparing to the 4-8 pattern we get rid of the restriction on how many UEs/layers we can schedule in a slot with TRS and more than one uplink symbol but get a restriction on the number of uplink symbols we can have in a slot with TRS.
[bookmark: _Toc498728024]The 4-7 TRS pattern (inter symbol distance three) is useful for cells/deployments with max two PDCCH symbols (i.e. all wideband deployments). Comparing to the 4-8 pattern we get rid of the restriction on how many UEs/layers we can schedule in a slot with TRS and more than one uplink symbol but get a restriction on the number of uplink symbols we can have in a slot with TRS.
[bookmark: _Ref496283289]Table 5 DMRS configurations that clash with the 4-7 TRS pattern
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	PDCCH
	PDCCH
	DMRS
	
	
	
	
	DMRS
	
	UL
	UL
	UL
	UL
	UL

	2
	PDCCH
	PDCCH
	DMRS
	
	
	
	
	DMRS
	
	
	
	DMRS
	
	

	3
	PDCCH
	PDCCH
	DMRS
	
	
	
	
	DMRS
	
	
	
	DMRS
	
	UL

	4
	PDCCH
	PDCCH
	PDCCH
	DMRS
	
	
	
	DMRS
	
	UL
	UL
	UL
	UL
	UL

	5
	PDCCH
	PDCCH
	PDCCH
	DMRS
	
	
	
	DMRS
	
	
	
	DMRS
	
	

	6
	PDCCH
	PDCCH
	PDCCH
	DMRS
	
	
	
	DMRS
	
	
	
	DMRS
	
	UL

	7
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	
	
	
	

	8
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	
	
	
	UL

	9
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	
	
	UL
	UL

	10
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	
	UL
	UL
	UL

	11
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	UL
	UL
	UL
	UL

	12
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	UL
	UL
	UL
	UL
	UL

	13
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	DMRS
	DMRS
	
	

	14
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	
	
	DMRS
	DMRS
	
	UL

	15
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	DMRS
	DMRS
	
	
	UL
	UL

	16
	PDCCH
	PDCCH
	PDCCH
	DMRS
	DMRS
	
	
	
	DMRS
	DMRS
	
	UL
	UL
	UL




TRS pattern down selection
As noted above the 5-9 TRS pattern doesn’t add any benefits.
[bookmark: _Toc498728054]Option 2: The 5-9 TRS pattern shall not be supported.
The 4-8 and 5-8 are the generally most useful patterns and the 5-8 pattern is clearly the best of the two.
[bookmark: _Toc498728055]The 5-8 TRS pattern shall be supported.
The 6-10 pattern is useful for high speed train scenarios.

[bookmark: _Toc498728056]Option 3: The 6-10 TRS pattern shall be supported.

TRS above 6 GHz
[bookmark: _Hlk498695195]In 3GPP TSG RAN WG1 Meeting 90bis, Prague, CZ, 9th – 13th, October 2017 it was agreed that 
· Note: TRS is also supported in above-6GHz
· FFS on the parameters X, N, St
· FFS: TRS periodicity


[bookmark: _Hlk498694899]UE frequency and time synchronization is of course also needed also for carrier frequencies above 6 GHz. The requirements are similar as for below 6GHz but the deployments may be different. For instance, at rely high frequencies it is likely that analog beam forming is used. However, digital beamforming can, and will, also be used above 6 GHz. 
[bookmark: _Toc498728025]With analog beam forming each symbol is transmitted using one beam only per panel. Thus, for efficient analog beamforming it is important that multiplexing allows the resource elements in each symbol to be utilized efficiently.
[bookmark: _Hlk498694944][bookmark: _Toc498728026]It should be possible to configure TRS above 6GHz efficiently for both analog beam forming and digital beam forming.
[bookmark: _Toc498728027]The UE must be able to do regular frequency synchronization when in active mode, even when not receiving data, to be allowed to transmit. Thus, reference signals in PDSCH are not sufficient for frequency synchronization, unless we schedule a PDSCH on regular basis to each UE in active mode.
[bookmark: _Toc498728028]When UE is not receiving data the DMRS nor PTRS, or combinations there-of, are not sufficient for frequency synchronization of UE’s in active mode. Thus, TRS is needed in frequency bands above 6 GHz to support UEs in active mode not receiving data.

[bookmark: _Ref498726186]TRS burst periodicity for above 6 GHz
[bookmark: _Ref498715727]In 3GPP TSG RAN WG1 Meeting 90bis, Prague, CZ, 9th – 13th, October 2017 it was agreed that 
 
· For below 6GHz, TRS periodicity 10ms, 20ms, 40ms and 80ms are supported
· For RAN4 information, 10ms is introduced for high speed train scenario
· Note: It is up to the editor to capture the periodicity in units of slots

High speed train scenarios and the TRS burst periodicity has been studied in [6] for both sub-6 GHz and above 6-GH and The report concludes on TRS burst periodicity and includes a 30 GHz scenario with high speed trains (500km/h) and a very challenging deployment with radio transmission points located only 5 meters from the railway tracks. The conclusion from this report is that the agreement on TRS burst periodicity for sub-6 is sufficient also for above 6GHz.

[bookmark: _Toc498728057]For above 6GHz, TRS periodicity 10ms, 20ms, 40ms and 80ms are supported (10ms is introduced for high speed train scenario)

[bookmark: _Ref498725151]FDM of TRS and SS Block for analog beam forming

Having a one slot TRS format would be beneficial to lower the TRS overhead but also to reduce the total length of the TRS burst. With a shorter TRS burst synchronization can be obtained with less delay and with less processing, and there is a potential to reduce the overhead.
Furthermore, with a one slot TRS burst format and St = 3 it is possible to enable efficient FDM with SS Block while keeping the TRS within the symbols used for the SS Block.
[bookmark: _Hlk498694964][bookmark: _Toc498728029]Beam sweeping of SS Block using analog beamforming is expected to be a popular deployment for mmW. The resource blocks outside the SS Block in frequency are then restricted to use the same beam as the SS-block. This, is clearly a very serious scheduling restriction limiting the utility of these resource blocks. For the TRSs we have the same problem. All resources transmitted in the same symbol and with the same antenna panel as the TRS are restricted to use the same beam. It is therefore desirable to FDM TRS and SS Block for efficient usage of DL resources. In this way the TRS and the SS Block can cover the same area simultaneously while maintaining QCL. This puts new requirements on the TRS bust format; for instance, the SS Block is 4 symbols wide and can be placed as shown in Figure 3.
[bookmark: _Toc498728058]To enable efficient FDM with SS Block it should be possible to configure the TRS burst having a one slot TRS burst (X=1), with TRS symbol spacing within the slot equal to three (St = 3), and the number of OFDM symbols per slot equal to two (N=2). Furthermore, it should be possible to configure TRS to the same symbol indexes as the beginning and the end of the SS Block. For SS block with SCS = 15kHz, 30kHz, and 120kHz this corresponds to symbol (2, 5), (4, 7), (6, 9), and (8, 11). For SS block SCS = 240 kHz the TRS should also support a configuration with (12,2), where 12 is the symbol index in in slot n and 2 is the symbol index in slot n+1.  



[bookmark: _Toc498728030][image: ]
[bookmark: _Ref498427466]Figure 3 Allowed SS Block allocations for different SCS.
With TRS and SS-block in FDM in this way, it’s possible to utilize the reference signals in the TRS and in the SS-block together for fine frequency and time estimation. This would reduce overhead and allow FDM of TRS and SS-block within a more narrow bandwidth. This would, however, require that the UE knows that it can assume that the TRS and the SS-block are transmitted coherently with the same beam, i.e. using the same antenna port.
[bookmark: _Toc498728059]Introduce CSI-RS configuration to indicate that the same beam is utilized for the CSI-resource as for a certain SS-block and that the transmissions are coherent, in order to allow the UE to utilize a combination of TRS and SS-block reference signals for fine frequency and time estimation.
We note that with the proposed configuration with inter symbol distance three the first TRS symbol would be in the same symbol as the PSS and the second TRS symbol would be in the same symbol as the last PBCH symbol in the SS-block (see Error! Reference source not found.). The PSS consists of an m-sequence and utilizes all subcarriers within its 127 subcarrier wide bandwidth. The PBCH contains PBCH DMRS reference signals with comb factor four. Within the NR-PSS bandwidth there are thus 31 or 32 PBCH DMRS subcarriers (depending on the exact position of the DMRS subcarriers) that could be utilized together with the corresponding NR-PSS subcarriers for fine frequency estimation. In addition, there are 4 PRBs on each side of the NR-PSS that could be used for TRS but are within the PBCH bandwidth (see Error! Reference source not found.). These TRS subcarriers could be aligned with the PBCH DMRS subcarriers in the last symbol of the SS-block and utilized together with them for fine frequency estimation. This would give an additional 24 subcarriers for fine frequency estimation.  In addition a number of resource blocks outside the 20 PRB wide SS-block would be required for the TRS in order to allow sufficient frequency and time estimation. We note that the TRS signal in the first symbol of the SS-block would have a different structure than the TRS in the last symbol of the SS-block.
Despite the somewhat complicated structure such a TRS could be configured as a normal two symbol TRS which covers the SS-block bandwidth. This would be combined with a multiplexing rule saying that the SS-block (PSS, PBCH and PBCH DMRS) has precedence over the TRS.
Alternatively, such a TRS could be configured as a set of one-symbol CSI-RS resources where each one symbol CSI-resource is contiguous in frequency with a certain comb factor (e.g. comb 4). For the TRS in the first symbol in the SS-block two such one symbol CSI resources would be needed. One for the part with higher frequencies than the PSS, and one for the part with lower frequencies than the PSS. For the TRS in the last symbol in the SS-block one or two such resources would be needed depending on whether the TRS extends beyond the PBCH only on one side in frequency of the SS-block (see Figure 5) or on both (se Figure 6).
Clearly, the first alternative is much simpler. Using multiple CSI-RS resources within one symbol, does however allow the use of different comb factors for different parts of the bandwidth. As an example, for the configuration in Figure 6 comb 4 could be used in TRS section 1a and 1b to fit with the comb 4 structure of PBCH DMRS, while comb 2 or comb 1 could be used in TRS sections 1c, 1d, 2c and 2d to achieve better processing gain in a limited bandwidth.
For simplicity we propose that the first configuration alternative is used.
[bookmark: _Toc498728060]The SS-block, i.e. PSS, PSS-guard subcarriers, SSS, PBCH and PBCH DMRS has precedence over the TRS. If a UE is configured with a TRS that collides with the SS-block the UE can assume that it is the SS-block signals and not the TRS that is transmitted in the colliding resource elements. 

[image: ]
Figure 4 Structure of the SS-block

[image: Z:\Sync folder\Projects\STAR_NSA\RS team\Fine frequency-time tracking\Reno 2017-11-27\PSS TRS figure one.png]
[bookmark: _Ref498710491][bookmark: _Ref498710483]Figure 5 TRS configuration for utilization of the TRS in combination with the reference signals in the SS-block for fine frequency and time estimation.

[image: Z:\Sync folder\Projects\STAR_NSA\RS team\Fine frequency-time tracking\Reno 2017-11-27\PSS TRS figure two.png]
[bookmark: _Ref498710542]Figure 6 TRS configuration for utilization of the TRS in combination with the reference signals in the SS-block for fine frequency and time estimation. Symmetric case.
From Figure 8 (se data point for one slot TRS, Sf=4, BW=50RB, St=3) we see that roughly 150 TRS subcarriers are needed to achieve a CFO estimation error rms of 1.3% of the subcarrier spacing at an SNR of -6dB using a single TRS symbol pair with inter symbol spacing three. As noted above, we get 32+24=56 subcarriers to use within the 20RB wide SS-block. Thus we need roughly 94 additional subcarriers outside the SS-block. This corresponds to roughly 31RB with Sf=4, 16RB with Sf=2 or 8RB with Sf=1. This clearly shows that the concept proposed is feasible. Noting that the CSI-RS bandwidth configuration signalling is general and thus not impacted by the decision on what bandwidth to use for the TRS we propose RAN1 to study further the exact bandwidth to use.
[bookmark: _Ref498715626]One and two slot TRS burst format above 6GHz
In this section we compare the performance of the agreed two-slot TRS burst format and similar one-slot TRS burst format. However, to compensate for the reduction of the number of TRSs’ we also consider the possibility to decrease the TRS subcarrier spacing (Sf). 
For TRS burst format X=1 and St=4, the performance evaluations comparing throughput can be found in [2] and the performance evaluations comparing frequency estimation error found in [3]. For X=1 and St =3, both throughput and frequency synchronisation performance evaluations can be found in [5].  The result of the frequency synchronizations evaluations are compared in Figure 7 and Figure 8. 

[image: A:\work\eperern_frequency_and_time_tracking_rs\results\ecshaer_ran1_91_1127\X1S3_X1_f.jpg]
[bookmark: _Ref498694572]Figure 7 Throughput versus SNR for the N= 2+2, two-slot TRS burst format and a N=2, one-slot TRS burst format using the same TRS inter-symbol distance St=4 and a N=2, one-slot TRS burst format using the same TRS inter-symbol distance St=3, varying the TRS inter-frequency distance sf = 1,2,4. 

[image: A:\work\eperern_frequency_and_time_tracking_rs\results\ecshaer_ran1_91_1127\X1S3_X1_tp.jpg]
[bookmark: _Ref498694611]Figure 8 Frequency synchronization error at -6dB SNR versus varying the TRS inter-frequency distance (sf = 1,2,4) for the N= 2+2, two-slot TRS burst format, a N=2, one-slot TRS burst format using the same TRS inter-symbol distance St=4 and a N=2, one-slot TRS burst format using the same TRS inter-symbol distance St=3. 


[bookmark: _Toc498728031]The frequency synchronization performance of a two symbol, one slot TRS burst with bandwidth B = 20 RBs and TRS inter-symbol distance St=3 benefits significantly from using a TRS inter-symbol distance Sf=1 as compared to Sf=4. 
[bookmark: _Toc498728032]The throughput performance using a two symbol, one slot TRS burst with bandwidth B = 20 RBs and TRS inter-symbol distance St=3 benefits significantly (0.8 dB) from using a TRS inter-symbol distance Sf=1 as compared to Sf=4. 

[bookmark: _Toc498728061]It should be possible to configure a two-symbol, one slot TRS burst with inter-carrier distance Sf=1 for doing efficient FDM of TRS with SS block.  

[bookmark: _Ref498601271]PTRS based frequency estimation
Here PTRS based frequency estimation is evaluated for 120kHz subcarrier spacing at 30GHz carrier frequency. The channel used in the evaluation was TDL-A with 300ns delay spread and 3km/h UE speed. Two TX and two RX antennas were used. The initial carrier frequency offset was 6kHz. The system bandwidth was 50RB. The phase noise model defined in R4-1701165 was used. PTRS was transmitted in all symbols with data on one subcarrier per RB. DMRS was transmitted in two symbols per slot (one frontloaded and one additional). In symbol-subcarrier positions where PTRS was ‘replaced’ with DMRS, the DMRS symbol was used as a substitute for PTRS for frequency estimation.
For frequency offset estimation six symbol pairs with inter symbol spacing four within one slot was used. To be precise symbol index pairs {a(p), b(p)}, p=1,2,…6 , where a(p)=p+3 and b(p)=a(p)+4. The frequency offset was estimated based on one slot as 



where  is the received signal divided by the transmitted signal for symbol j and subcarrier k and  is the inter symbol spacing of the symbol pairs measured in seconds.
The frequency offset estimate based on two slots was calculated in an analogous manner, summing over all symbol pairs within the two slots.
In simulations for low SNRs, phase noise estimation and compensation was not utilized. At low SNRs and small allocations the phase noise estimation error becomes larger than the phase noise and thus phase noise compensation has a detrimental impact on throughput.
Impact of CFO estimation on throughput
In Figure 9 frequency estimation based on one slot PTRS is shown for different allocated bandwidths and SNRs. We note that at high SNR carrier frequency estimation accuracy is limited by the phase noise. This is, however, not problematic. At high SNR PTRS based phase noise estimation is designed to follow the phase noise and accurate frequency offset estimation is not needed for demodulation purposes.
At low SNR and a limited number of allocated RBs, phase noise estimation fails due to insufficient processing gain. However, the magnitude of the phase noise is too small to impact QPSK significantly and at low SNR QPSK is used. Thus, phase noise estimation is not needed at low SNR. Frequency offset estimation is, however, still needed at low SNR and thus phase noise estimation needs to be replaced by frequency estimation at low SNR. Since PTRS based estimation of the frequency offset allows averaging over multiple PTRS symbol pairs, larger processing gain can be achieved than for phase noise estimation. Thus, frequency offset estimation based on PTRS is still possible where phase noise estimation fails.
[image: X:\Documents\TRSstudies2017\eperern_sub_branch_emolvic_ptrs_development_for_trunk\results\eperern_RAN1_91_1117\figures\f_est_error_rms_CFO_estimation_based_on_1_slot_PTRS,__295329_295684.png]
[bookmark: _Ref498538600]Figure 9 Carrier frequency offset (CFO) estimation based on one slot PTRS.  PTRS was transmitted in all symbols with data and in one PTRS subcarrier per RB with data. DMRS was transmitted in two symbols per slot (one frontloaded and one additional). The channel was TDL-A with 300ns delay spread, 3km/h UE speed. Two TX and two RX antennas were used. The carrier frequency was 30GHz, the subcarrier spacing was 120kHz and the initial carrier frequency offset was 6kHz. The system bandwidth was 50RB. The phase noise model defined in R4-1701165 was used.
In Figure 10, Figure 11, Figure 12 and Figure 13 the impact on throughput for QPSK code rate 120/1024 from CFO estimation based on one slot PTRS is shown in comparison to ideal CFO estimation for low SNRs (-6dB, -4dB and -2dB). Results are give both with and without phase noise, but we note that the impact of phase noise is negligible. Results for ideal channel estimation are given for reference.
At -6dB the throughput loss for PTRS based CFO estimation relative to ideal CFO estimation ranges from 53% for an allocation of 2 RBs to 12% at an allocation of 50RBs.
At -2dB the throughput loss for PTRS based CFO estimation relative to ideal CFO estimation ranges from 22% for an allocation of 2 RBs to negligible impact for allocations larger than 20RBs.
The performance of the frequency estimator as described above in section 2.3.4 is essentially given by the number of combinations of symbol pairs and subcarriers to average over. Thus, if we use 12 PTRS symbol pairs within two slots we can achieve the same performance as with 6 PTRS symbol pairs within one slot, for an allocation that is only half as big. We can also easily compare the CFO estimation performance for a TRS with two symbols per slot with inter symbol spacing four and frequency comb factor four. As an example, a two slot TRS with BW=20RB (minimum TRS BW) gives 120 symbol pair and subcarrier combinations to average over. This is the same number as for one slot PTRS estimation with an allocation of 20RB or for two slot PTRS estimation with an allocation of 10RB (see Table 1).
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[bookmark: _Ref498592255]Figure 10 Throughput for QPSK with code rate 120/1024 at -6dB SNR for carrier frequency offset (CFO) estimation based on one slot PTRS compared to ideal CFO estimation.  PTRS was transmitted in all symbols with data and in one PTRS subcarrier per RB with data.  DMRS was transmitted in two symbols per slot (one frontloaded and one additional). The channel was TDL-A with 300ns delay spread and 3km/h UE speed. Two TX and two RX antennas were used. The carrier frequency was 30GHz, the subcarrier spacing was 120kHz and the initial carrier frequency offset was 6kHz. The system bandwidth was 50RB. The phase noise model defined in R4-1701165 was used. Ideal time synchronization, ideal delay spread estimation and ideal doppler spread estimation was used.
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[bookmark: _Ref498592258]Figure 11 Throughput for QPSK with code rate 120/1024 at -4dB SNR for carrier frequency offset (CFO) estimation based on one slot PTRS compared to ideal CFO estimation.  PTRS was transmitted in all symbols with data and in one PTRS subcarrier per RB with data.  DMRS was transmitted in two symbols per slot (one frontloaded and one additional). The channel was TDL-A with 300ns delay spread and 3km/h UE speed. Two TX and two RX antennas were used. The carrier frequency was 30GHz, the subcarrier spacing was 120kHz and the initial carrier frequency offset was 6kHz. The system bandwidth was 50RB. The phase noise model defined in R4-1701165 was used. Ideal time synchronization, ideal delay spread estimation and ideal doppler spread estimation was used.
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[bookmark: _Ref498592259]Figure 12 Throughput for QPSK with code rate 120/1024 at -2dB SNR for carrier frequency offset (CFO) estimation based on one slot PTRS compared to ideal CFO estimation.  PTRS was transmitted in all symbols with data and in one PTRS subcarrier per RB with data.  DMRS was transmitted in two symbols per slot (one frontloaded and one additional). The channel was TDL-A with 300ns delay spread and 3km/h UE speed. Two TX and two RX antennas were used. The carrier frequency was 30GHz, the subcarrier spacing was 120kHz and the initial carrier frequency offset was 6kHz. The system bandwidth was 50RB. The phase noise model defined in R4-1701165 was used. Ideal time synchronization, ideal delay spread estimation and ideal doppler spread estimation was used.

[image: ]
[bookmark: _Ref498598470]Figure 13 Throughput loss for PTRS based CFO estimation relative to ideal CFO estimation for QPSK with code rate 120/1024. PTRS was transmitted in all symbols with data and in one PTRS subcarrier per RB with data.  DMRS was transmitted in two symbols per slot (one frontloaded and one additional). The channel was TDL-A with 300ns delay spread and 3km/h UE speed. Two TX and two RX antennas were used. The carrier frequency was 30GHz, the subcarrier spacing was 120kHz and the initial carrier frequency offset was 6kHz. The system bandwidth was 50RB. Phase noise was used both for ideal and PTRS based CFO estimation. The phase noise model defined in R4-1701165 was used. Ideal time synchronization, ideal delay spread estimation and ideal doppler spread estimation was used.
 Table 6 Number of symbol pair and subcarrier combinations to average over for TRS based CFO estimation and the data allocation required to get the same number of combinations to average over for PTRS based CFO estimation
	 
	Number of symbol pair and subcarrier combinations
	One slot PTRS
Required data allocation
	Two slot PTRS
Required data allocation

	Two slot TRS with BW=50RB
	300
	50 RB
	25 RB

	Two slot TRS with BW=20RB
	120
	20 RB
	10 RB

	One slot TRS with BW=50RB
	150
	25 RB
	12.5 RB

	One slot TRS with BW=20RB
	60
	10 RB
	5 RB



Frequency estimation accuracy
In LTE there is a requirement that the UE TX frequency should be at most 0.1ppm off from the received carrier frequency. As discussed in [4] this requirement is important to ensure that uplink frequency estimation works but the exact value for the requirement can be discussed depending on scenario, carrier frequency and numerology used. Anyhow, we note that 0.1ppm of 30GHz is 3kHz which is 2.5% of the 120kHz subcarrier spacing. In order to be two sigma off the frequency estimation accuracy requirement we would thus like the frequency estimation error rms to be maximum 1.25% of the subcarrier spacing. We see in Figure 9 that this is achieved down to -6dB SNR for allocations of 15RB or more. We note that 15RB and 6 PTRS symbol pairs give 90 symbol pair – subcarrier combinations to average over.
Using 12 symbol pairs with inter symbol distance 4 within two slots we can improve frequency estimation somewhat, as can be seen in Figure 14. Thus, we can achieve the requirement for the frequency estimation error rms to be maximum 1.25% down to -6dB SNR for allocations down to 10RB. We note that 10RB and 12 PTRS symbol pairs give 120 symbol pair – subcarrier combinations to average over. We note also that 8RB and 12 PTRS symbol pairs give 96 symbol pair – subcarrier combinations to average over, which clearly should also work even though no simulation of that exact combination of parameters was performed. Likewise, one would expect to be able to go down to an allocation of 4RB using 24 symbol pairs within four slots.
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[bookmark: _Ref498592060]Figure 14 Carrier frequency offset (CFO) estimation based on two slot PTRS.  PTRS was transmitted in all symbols with data and in one PTRS subcarrier per RB with data. DMRS was transmitted in two symbols per slot (one frontloaded and one additional). The channel was TDL-A with 300ns delay spread and 3km/h UE speed. Two TX and two RX antennas were used. The carrier frequency was 30GHz, the subcarrier spacing was 120kHz and the initial carrier frequency offset was 6kHz. The system bandwidth was 50RB. The phase noise model defined in R4-1701165 was used.
[bookmark: _Ref498726525]Summary discussion on TRS above 6GHz
[bookmark: _GoBack]In section 2.3.4 we have seen that CFO estimation based on PTRS can give good CFO estimation accuracy except for small allocations at low SNRs. The TRS is therefore needed only to give decent performance also for small allocations at low SNRs and in order to make it possible for the UE to tune it’s TX frequency also when there is no or limited downlink transmissions. We conclude that the TRS is needed but note that some throughput loss is acceptable for small allocations. The requirement on the frequency estimation accuracy based on the TRS, thus comes primarily from the requirement on the UE TX frequency as discussed in [4]. 
In section 2.3.2 we have seen that decent frequency estimation accuracy can be achieved based on a one slot TRS.
We conclude that using a one slot TRS for frequency and time estimation for small data allocations and using the PTRS for larger data allocations we can achieve good performance without too much TRS overhead.
In section 2.3.1 we have seen that using a combination of reference signals from the SS-block and a two symbol TRS with inter symbol distance 3 which is FDM with the SS-block can achieve decent CFO estimation.
We conclude that using that using a combination of reference signals from the SS-block and a two symbol TRS with inter symbol distance 3 which is FDM with the SS-block for small data allocations and using the PTRS for larger data allocations we can achieve good performance without too much TRS overhead. To FDM the SS-block and the TRS also limits scheduling restrictions to a minimum in case of analog beamforming.
Conclusion
In section 2 we made the following observations:
Observation 1	A two-symbol, one slot TRS burst with bandwidth B = 50 RBs can almost achieve an rms frequency synchronization error of 1% of the SCS with Sf= 4. A two symbol, one slot TRS burst with bandwidth B = 20 RBs can almost achieve an rms frequency synchronization error of 2% with Sf= 4 and need sf=1 to achieve an rms frequency synchronization error of 1%.
Observation 2	A two-symbol, one slot TRS burst with bandwidth B = 50 RBs can almost achieve the same throughput as the two slot TRS burst with Sf < 4. With Sf = 4 there is a noticeable degradation of performance (~0.2 dB).  With TRS bandwidth B = 20 RBs there is a 0.5dB degradation with Sf=4 and a noticeable degradation with SF=2. Sf=1 performs similar as the two-slot TRS burst.
Observation 3	The 4-8 TRS pattern clashes with quite few DMRS configurations. It is not compatible with the four symbol TRS for very high speeds (used for high speed train scenarios). It does clash also with a few DMRS configurations with two frontloaded DMRS and two additional DMRS, but all these clashes can be avoided by DCI signalling to indicate the use of one frontloaded DMRS plus one additional DMRS instead.
Observation 4	The 5-8 TRS pattern (inter symbol distance three) clashes with very few DMRS configurations. It is not compatible with the four symbol TRS for very high speeds (used for high speed train scenarios). It does clash also with a few DMRS configurations with two frontloaded DMRS and two additional DMRS, but all these clashes can be avoided by DCI signalling to indicate the use of one frontloaded DMRS plus one additional DMRS instead.
Observation 5	The DMRS configuration that clashes with the 5-8 pattern is a subset of the DMRS configurations that clashes with the 4-8 pattern. The 5-8 pattern is thus more generally useful than the 4-8 pattern. For 2 PDCCH configurations the 5-8 pattern and the 4-8 attern have exactly the same clashes. For 3 PDCCH configurations the 4-8 pattern clashes with all DMRS patterns with two frontloaded DMRS, while the 5-8 pattern only clashes with the DMRS configuration with two frontloaded DMRS plus two additional DMRS in symbol 8 and 9.
Observation 6	The 6-10 TRS pattern clashes with a number of DMRS patterns. However, it doesn’t clash with the four symbol DMRS pattern for very high speeds. This pattern could therefore be useful for high speed train scenarios. For other scenarios the 5-8 and 4-8 patterns give less restrictions.
Observation 7	For the 5-9 pattern there are many serious clashes that can’t be alleviated through DCI indication. We see no additional use of this pattern as compared to the 5-8, 4-8 and 6-10 patterns.
Observation 8	The 4-7 TRS pattern (inter symbol distance three) is useful for cells/deployments with max two PDCCH symbols (i.e. all wideband deployments). Comparing to the 4-8 pattern we get rid of the restriction on how many UEs/layers we can schedule in a slot with TRS and more than one uplink symbol but get a restriction on the number of uplink symbols we can have in a slot with TRS.
Observation 9	It should be possible to configure TRS above 6GHz efficiently for both analog beam forming and digital beam forming.
Observation 10	When UE is not receiving data the DMRS nor PTRS, or combinations there-of, are not sufficient for frequency synchronization of UE’s in active mode. Thus, TRS is needed in frequency bands above 6 GHz to support UEs in active mode not receiving data.

Observation 11	The frequency synchronization performance of a two symbol, one slot TRS burst with bandwidth B = 20 RBs and TRS inter-symbol distance St=3 benefits significantly from using a TRS inter-symbol distance Sf=1 as compared to Sf=4.
Observation 12	The throughput performance using a two symbol, one slot TRS burst with bandwidth B = 20 RBs and TRS inter-symbol distance St=3 benefits significantly (0.8 dB) from using a TRS inter-symbol distance Sf=1 as compared to Sf=4.

Based on the discussion in section 2 we have the following key proposals:
Key proposal 1	Introduce a “Port coherence flag” in the Resource set configuration to indicate whether the UE may assume that the port in each of the CSI-RS resources is the same port across all resources in the resource set.
Key proposal 2	Consider allowing the configuration of TRS inter-symbol distance sf < 4 if allowing one slot TRS burst.
Key proposal 3	Option 2: The 5-9 TRS pattern shall not be supported.
Key proposal 4	The 5-8 TRS pattern shall be supported.
Key proposal 5	Option 3: The 6-10 TRS pattern shall be supported.
Key proposal 6	For above 6GHz, TRS periodicity 10ms, 20ms, 40ms and 80ms are supported (10ms is introduced for high speed train scenario)
Key proposal 7	To enable efficient FDM with SS Block it should be possible to configure the TRS burst having a one slot TRS burst (X=1), with TRS symbol spacing within the slot equal to three (St = 3), and the number of OFDM symbols per slot equal to two (N=2). Furthermore, it should be possible to configure TRS to the same symbol indexes as the beginning and the end of the SS Block. For SS block with SCS = 15kHz, 30kHz, and 120kHz this corresponds to symbol (2, 5), (4, 7), (6, 9), and (8, 11). For SS block SCS = 240 kHz the TRS should also support a configuration with (12,2), where 12 is the symbol index in in slot n and 2 is the symbol index in slot n+1.
Key proposal 8	Introduce CSI-RS configuration to indicate that the same beam is utilized for the CSI-resource as for a certain SS-block and that the transmissions are coherent, in order to allow the UE to utilize a combination of TRS and SS-block reference signals for fine frequency and time estimation.
Key proposal 9	The SS-block, i.e. PSS, PSS-guard subcarriers, SSS, PBCH and PBCH DMRS has precedence over the TRS. If a UE is configured with a TRS that collides with the SS-block the UE can assume that it is the SS-block signals and not the TRS that is transmitted in the colliding resource elements.
Key proposal 10	It should be possible to configure a two-symbol, one slot TRS burst with inter-carrier distance Sf=1 for doing efficient FDM of TRS with SS block.
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