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Introductions
[bookmark: _GoBack]In the previous RAN1#102 e-meeting [1], the following agreements about enhancement on HST-SFN deployment were achieved.
	· UE-based solution
Agreement
For the discussion purpose consider the following categorization of the enhanced DL transmission schemes
· Scheme 1: 
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
· Scheme 2: 
· TRS and DM-RS are transmitted in TRP-specific / non-SFN manner
· PDSCH from TRPs is transmitted in SFN manner

Agreement
Study the following aspects of the enhanced transmission schemes:
· For scheme 1: 
· Target DL physical channels, i.e., PDSCH only or PDSCH + PDCCH
· Whether more than 2 QCL/TCI states are required and corresponding signaling details 
· Whether and how to indicate scheme 1 for differentiation with Rel-16 non-SFNed transmission schemes with multiple QCL/TCI states
· QCL relationship between TRS and DMRS ports
· Note: Other schemes/aspects are not precluded
· For scheme 2:
· Association of each MIMO layer of PDSCH to DM-RS antenna ports
· Whether more than 2 QCL/TCI states are required and corresponding signaling details
· Whether and how to indicate scheme 2 for differentiation with Rel-16 non-SFNed transmission schemes with multiple QCL/TCI states
· Note: Other schemes/aspects are not precluded

· NW-based solution
Agreement
For discussion purpose consider the following three steps for TRP-based frequency offset pre-compensation scheme:
· 1st step: Transmission of the TRS resource(s) from TRP(s) without pre-compensation
· 2nd step: Transmission of the uplink signal(s)/channel(s) with carrier frequency determined based on the received TRS signals in the 1st step
· 3rd step: Transmission of the PDCCH/PDSCH from TRP(s) with frequency offset pre-compensation determined based on the received signal/channel in the 2nd step
· Note: A second set of TRS resource(s) may be transmitted at 3rd step. 

Agreement
Study TRP-based frequency offset pre-compensation including the following aspects:
· Aspects related to indication of the carrier frequency determined based on the received TRS resource(s) in the 1st step
· Option 1: Implicit indication of the Doppler shift(s) using uplink signal(s) transmitted on the carrier frequency acquired in the 1st step
· Indication for QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step
· Type of the uplink reference signals / physical channel used in the 2nd step, necessity of new configuration and corresponding signaling details
· Option 2: Explicit reporting of the Doppler shift(s) acquired in the 1st step using CSI framework
· FFS: Indication for QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step
· CSI reporting aspects, configuration, quantization, signalling details, etc.
· New QCL types/assumption for TRS with other RS (e.g., SS/PBCH), when TRS resource(s) is used as target RS in TCI state 
· New QCL types/assumptions for TRS with other RS (e.g., DM-RS), when TRS resource(s) is used as source RS in the TCI state 
· Target physical channels (e.g., PDSCH only or PDSCH/PDCCH) and reference signals that should be supported for pre-compensation
· Signaling/procedural details on whether/how the pre-compensation is applied to target channels
· Whether multiple sets of TRS and pre-compensation on TRS is needed in 3rd step.
Note: Other aspects/schemes are not precluded



In this contribution, further analysis of NW based solution and two UE based solutions on HST-SFN deployment are provided. Besides, link-level simulation results are given to show the performance difference between the above potential solutions.

Discussion
HST-SFN deployment
In HST scenario, due to frequent handover between the cells, SFN transmission scheme was introduced in LTE. Multiple TRPs with the same Cell ID is connected to one BBU to overcome frequent handover under HST-SFN deployment. However, one of the main problems of HST-SFN deployment is the opposite Doppler shifts from different TRPs. From UE’s perspective, the received signal is a combination of multiple delayed signals with different power and opposite high Doppler shifts in SFN manner as shown in Figure 1, which is quite challenging for UE demodulation. 


HST-SFN deployment 
To deal with opposite Doppler shifts, several potential solutions were supposed in RAN1#102 e-meeting, which basically can be classified as the UE-based solution and NW-based solution.
Distributed TRS vs. SFN TRS
Benefits of distributed TRS
TRS is designed for DL time and frequency tracking in NR, including average delay, delay spread, frequency offset, and Doppler spread. In HST-SFN deployment, it’s very important for UE to track the frequency offset accurately, since the opposite high Doppler shifts would cause the DL demodulation performance degradation. 
If UE is configured with a single TRS resource set transmitted in SFN manner, a legacy UE might only be able to estimate a Doppler shift/spread through the TRS signal mixed from different TRPs at the same time. In this case, the DL demodulation performance degradation is self-evident. For advanced receiver processing mentioned in TR 36.878, one UE can use an enhanced algorithm to estimate multiple Doppler shifts based on the SFN TRS. However, the processing is quite different from normal implementation for Doppler shift/spread estimate from the TRS and would demand more processing power at the UE side. 
Introducing distributed TRS could make use of legacy UE implementation as much as possible. For simplicity of description, assume that there are two TRPs in UE’s vision as TRP1 and TRP2. Distributed TRS means that two TRS signals such as TRS1 and TRS2 are transmitted separately from TRP1 and TRP2 as shown in Figure 2. In Rel-15, one or more TRS resource sets can be configured for UE in RRC-connected mode. In this case, UE can easily estimate two different Doppler shifts individually based on TRS1 and TRS2. 
[image: ]
Distributed TRS/CSI-RS configuration
Moreover, distributed TRS would benefit CSI feedback for two TRPs. With SFN TRS, the CSI-RS for CSI is also transmitted in SFN manner. When a single CSI-RS is transmitted from two different TRPs in SFN manner, UE will estimate the composite channel of two TRPs. The result is that UE can only measure and report one PMI corresponding to this CSI-RS resource set. However, the directions of the channel between UE and two TRPs are quite different. Just reporting a single PMI derived from the composite channel would not match the different channels from the two TRPs to the UE, especially considering the potentially large number of antenna elements and ports deployed currently on each TRP. In this case, distributed CSI-RS should also be introduced to measure respective PMIs for different TRPs, as shown in Figure 2. To facilitate such distributed CSI-RS/CSI feedback operation, distributed TRS should be introduced. The details of distributed CSI-RS/CSI feedback operation and related simulation results can be found in [2].
Therefore, the benefits of introducing distributed TRS are as follows:
· Reuse legacy implementation to accurately track time and frequency characteristics, especially the high Doppler shifts from different TRPs.  
· Facilitate distributed CSI-RS and CSI feedback operation.

Performance evaluation
In the following, the simulation results of SFN TRS and distributed TRS are given to show their Doppler shift estimation performance intuitively. Assume TRS1 is transmitted from TRP1, while TRS2 is transmitted from TRP2. The high-speed train moves a total of 700m from TRP1 to TRP2. 

	[image: ]
a) SFN TRS
	[image: ]
b) Distributed TRS


Doppler shift estimation results of SFN/distributed TRS schemes
As the simulation results are shown in Figure 3, it’s quite clear that a mixed Doppler shift is estimated based on the SFN TRS. When configuring two distributed TRSs transmitted from TRP1 and TRP2 separately, UE can easily estimate two Doppler shifts accurately.
Using distributed TRS is beneficial to estimate Doppler shifts instead of SFN TRS.
[bookmark: _Ref53673155]In Rel-17 FeMIMO HST-SFN discussion the scenario of distributed TRS transmission from TRPs should be prioritized. 

UE-based solution for HST-SFN
Scheme 1: SFN transmission with distributed TRS
In this scheme, two TRS resource sets TRS1 and TRS2 are transmitted from TRP1 and TRP2 respectively, while PDSCH/PDCCH are transmitted in SFN manner, as shown in Figure 4. UE can estimate the Doppler shifts by measuring two TRS resource sets, and then apply the results for PDSCH/PDCCH DMRS estimation. 
[image: ]
SFN transmission with distributed TRS
However, the channel of HST-SFN deployment is generally a LOS channel with multiple Doppler shifts, and the Doppler spread is typically not a U-shape spectrum. Therefore, after estimating the multiple Doppler shifts based on distributed TRS, UE should use them to reconstruct the Doppler spectrum, and then conduct time-domain interpolation for DMRS estimation by using the Wiener filter, instead of the U-shape Doppler spectrum assumption. A detailed description of the time-domain interpolation mechanism can be found in [3].

Scheme 2: SFN transmission with distributed TRS and DMRS
In this scheme, in addition to two TRS resource sets, two orthogonal PDSCH DMRS ports are also transmitted from TRP1 and TRP2 respectively, while PDSCH is still transmitted in SFN manner, as shown in Figure 5. UE can achieve estimating the channel of each TRP separately with orthogonal PDSCH DMRS ports, and then combine the channel of each TRP to reconstruct a composite channel for PDSCH demodulation. 
[image: ]
SFN transmission with distributed TRS and DMRS
Compared to scheme 1, scheme 2 can provide more accurate channel estimation results to enhance the PDSCH demodulation performance. However, more DMRS overhead is also introduced simultaneously, which directly affects the overall throughput of PDSCH transmission. 

Performance evaluation
To evaluate the performance of two UE-based solutions scheme 1 and scheme 2 for PDSCH transmission, some link-level simulation results are shown in Figure 6. In scheme 2, two DMRS ports in different CDM groups are configurated with one layer PDSCH transmission. Assuming that UE moves from TRP1 to TRP2, CDL based extension channel is used in the simulation. Besides, the closest position from each TRP is set as the SNR reference point, and SNR is only defined by UE receiving power from the closest TRP. CSI-RS is transmitted from two TRPs in SFN manner only for the derivation of CQI. The other simulation assumption is given in Annex A corresponding to the agreements in RAN1#102 e-meeting. In order to show the variety of DL demodulation performance when UE is moving, UE located at different points on the track has been evaluated.
	[image: ]
a) SNR=8dB
	[image: ]
b) SNR=20dB


Evaluation on the performance of two UE-based solutions
From the simulation results, it is observed that two UE-based solutions can both provide considerable performance enhancement, compared with the traditional PDSCH transmission with SFN TRS. Moreover, due to more DMRS overhead, the PDSCH throughput of scheme 2 with distributed DMRS is lower than scheme 1. 
Additionally, it is worth noting that the throughput of the UE position near the TRP is decreased. This is because the beam can’t cover the area directly below the TRP, which leads to a phenomenon called dark under light, in terms of the TRP boresight and directional antenna model assumptions agreed in RAN1#102 e-meeting. However, in practical network deployment, apart from the beam covering the far place, another beam may also be generated to cover the area beneath the TRP. Furthermore, deploying an additional TRP by a certain layout to cover the area below the TRP is also an effective solution to eliminate the dark under light phenomenon.
PDSCH transmission with distributed TRS outperforms PDSCH transmission with distributed TRS and DMRS, due to lower DMRS overhead.
The TRP boresight and directional antenna model assumptions agreed in RAN1#102 e-meeting would cause dark under light phenomenon.
Support PDSCH transmission with distributed TRS and SFN DMRS.

NW-based solution for HST-SFN
Frequency offset pre-compensation procedure
To resolve the challenge of multiple Doppler shifts under the HST-SFN deployment, frequency offset pre-compensation has been studied as a potential solution in TR 38.878. However, CRS is used to estimate the Doppler shifts in LTE. In NR, TRS is configured UE-specifically for fine time and frequency tracking to aid the demodulation of PDSCH since there is no CRS like reference signal. Therefore, there are some differences in details in frequency offset pre-compensation based on TRS. The frequency offset pre-compensation process based on distributed TRS is given as follows.
[image: ]
An example of frequency offset pre-compensation processing flow
More description of frequency offset pre-compensation corresponding to Figure 6 is provided below:
· TRS1 and TRS2 are transmitted from TRP1 and TRP2 separately at carrier frequency fc
· UE receives TRS1 and TRS2 at carrier frequency fc, then estimates two Doppler shifts Δf1 and Δf2
· UE adjusts its downlink receive carrier frequency from fc to  fc  +Δf1 based on TRS1
· UE adjusts its uplink carrier frequency to  fc  +Δf  by a certain rule and transmits UL RS, e.g. SRS
· TRP1 and TRP2 both receive the UL RS and estimate Doppler shifts, then BS calculates the frequency offset pre-compensation value of TRP2 as Δf1 -Δf2
· Optionally, TRP1 transmits TRS3 at carrier frequency fc without frequency pre-compensation, while TRP2 transmits TRS3 at carrier frequency fc  +Δfpre2 
· TRP1 transmits PDSCH/PDCCH at carrier frequency fc without frequency pre-compensation, while TRP2 transmits PDSCH/PDCCH at carrier frequency fc  +Δfpre2
· UE receives PDSCH/PDCCH at carrier frequency fc  +Δf1. Ideally, there is no Doppler shift from UE’s perspective.
According to the above procedure, it’s worth noting that before transmitting PDSCH/PDCCH, another frequency pre-compensated TRS resource set might not be necessary in SFN manner as the QCL source for PDSCH/PDCCH. The main drawback to transmit the frequency pre-compensated TRS resource set is the total TRS overhead increases significantly. Moreover, the frequency pre-compensation value is generally UE-specific, which implies each UE needs a specific frequency pre-compensated TRS resource set. From this perspective, the TRS overhead would further increase significantly with an increasing number of UEs on the train.
The extra frequency pre-compensated TRS is unnecessary before PDSCH/PDCCH transmission, owing to the TRS overhead increasing.

Indication of the Doppler shifts
In the procedure of frequency offset pre-compensation, the key point is how does NW know the Doppler shifts that are used to process frequency pre-compensation? There are two potential methods to let NW get the Doppler shifts as follows.
· Option 1: Implicit indication of the Doppler shifts using uplink signals 
· Option 2: Explicit reporting of the Doppler shifts using CSI framework
In Option 1, NW would estimate the uplink frequency offset based on the uplink signals, such as SRS. As described in Figure 7, UE transmits an SRS signal to TRP1 and TRP2 at the uplink carrier frequency fc  + Δf, where Δf is the frequency adjusting value for uplink. Then TRP1 estimates the uplink frequency offset Δf + Δf1 and TRP2 estimates the uplink frequency offset Δf + Δf2. NW calculates the frequency pre-compensation value Δf1 - Δf2 for TRP2 by subtracting Δf + Δf2 from Δf + Δf1. It can be observed that the final frequency pre-compensation value Δf1 - Δf2 is independent of Δf. That means as long as satisfying the uplink frequency shifts estimate requirement, no matter what the exact value of Δf is, frequency offset pre-compensation can still work. Therefore, the uplink carrier frequency can be adjusted based on UE implementation, regardless of the downlink frequency shift estimation by TRS. To avoid adjusting the oscillator frequently, after UE modulates the downlink carrier frequency based on TRS, it can transmit uplink signals at the same downlink carrier frequency by implementation. In this way, the frequency adjusting value Δf for uplink can be equal to Δf1, which achieves the same purpose as indicating the QCL-like association between uplink signals and TRS.
In Option 2, UE would report the Doppler shifts estimated by TRSs using the CSI framework. However, it would lead to extra CSI feedback overhead. Especially, when the number of Doppler shifts to be reported is equal to the number of serving TRPs. Due to the small power of received TRS signals from TRPs which are far from the UE, a part of estimated Doppler shifts corresponding to faraway TRPs is not accurate. If those inaccurate Doppler shifts are reported by the CSI framework, it would cause a certain degree of waste of feedback resource. According to the above reason, Option 2 seems inappropriate for the frequency offset pre-compensation scheme.
The frequency pre-compensation value can be derived based on implementation.  
Support implementation based frequency offset pre-compensation by uplink signals, without defining the QCL-like association between uplink signals and TRS.
QCL enhancement for PDSCH/PDCCH DMRS
While distributed TRS resource sets are transmitted from each TRP respectively, PDSCH and PDCCH are transmitted in SFN manner. Thus, it is natural that the same DMRS port(s) could QCLed with multiple TRS resource sets simultaneously. However, in the frequency offset pre-compensation scheme, timing and frequency offset adjustment need only to refer to a certain TRS resource set, while delay spread and Doppler spread need to refer to a composite value based on multiple TRS resource set. This would lead to some new QCL designs for DMRS and TRS. For instance, in the previous procedure description of frequency offset pre-compensation, the downlink carrier frequency is assumed to be adjusted based on TRS1 as fc  +Δf1, where Δf1 is the Doppler shift estimate result corresponding to the transmission between TRP1 and UE. At the same time, the timing adjustment is also based on TRS1. Two potential ways can be used to achieve the above purpose as follows.
· The first way is to define a new QCL-typeE which only provides {delay spread} reference. UE needs to be indicated with two TCI states for PDSCH/PDCCH DMRS. One TCI state is related to QCL-typeA which provides {Doppler shift, Doppler spread, average delay, delay spread} reference. The other TCI state is related to QCL-typeE which only provides {delay spread} reference. In this way, UE would adjust its downlink timing and carrier frequency based on TRS1 and then combine both delay spread parameters provided by TRS1 and TRS2 to reconstruct a complete multi-path delay spectrum.
· The second way is to set a certain TCI state as an anchor point implicitly or explicitly to provide complete QCL-TypeA parameters, and another TCI state just provides a part of the parameters of QCL-TypeA, e.g. delay spread. For example, UE is indicated with two TCI states for PDSCH/PDCCH DMRS. Both TCI states are related to QCL-typeA with TRS1 and TRS2, where the first TCI state is indicated as the anchor point. Then UE would adjust its downlink timing and carrier frequency based on TRS1 and then combine both delay spread parameters provided by TRS1 and TRS2. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]The following QCL enhancement methods for frequency offset pre-compensation should be considered.
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Defining a new QCL-typeE which only provides the {delay spread} parameter.
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]Setting a certain TCI state as the anchor point to provide complete QCL-TypeA parameters, while the other TCI state just provides a part of the parameters of QCL-TypeA which is the {delay spread} parameter.
The new QCL-typeE signaling can also be considered as the indication for enabling frequency offset pre-compensation. 

Performance evaluation
To analyze the performance of the frequency offset pre-compensation scheme, some link-level simulation results are presented in Figure 8. Assuming that UE moves from TRP1 to TRP2, CDL based extension channel is used in the simulation. To show the variety of DL demodulation performance, UE located at different points on the track has been evaluated.
	[image: ]
a) SNR=8dB
	[image: ]
b) SNR=20dB


Evaluation on the performance of frequency offset pre-compensation
From the results shown in Figure 8, it’s obvious that frequency offset pre-compensation with distributed TRS is useful to enhance the DL demodulation performance for HST-SFN deployment. Furthermore, the frequency offset pre-compensation scheme can provide more performance improvement, compared to two UE-based solutions. Especially, with the increase of SNR, the performance of frequency offset pre-compensation outperforms two UE-based solutions distinctly.
Frequency offset pre-compensation can enhance the UE demodulation performance effectively and outperforms UE-based solutions for HST-SFN deployment.
[bookmark: _Ref53673205]Support frequency offset pre-compensation with distributed TRS as the major solution for HST-SFN in Rel-17.

Indication of TCI state for HST-SFN
Another important issue is whether it needs to indicate more than two TCI states for HST-SFN deployment. This is related to how to configure the distributed TRS resource sets in a non-SFN manner.
TRS configuration for HST-SFN
One feasible distributed TRS configuration is that each TRP transmits one specific TRS resource set. As presented in Figure 9, assuming four TRPs in UE’s vision, four TRS resource sets from TRS1 to TRS4 are transmitted from TRP1 to TRP4 separately. In this case, UE can measure four Doppler shifts and four path delays from different TRPs. However, the overhead of this TRP-specific TRS configuration is relatively large. 


TRP-specific TRS configuration
To reduce TRS overhead, another TRS configuration is presented in Figure 10. In this case, only two TRS resource sets need to be configurated. The first TRS is used to cover the right side area of each TRP, while the second TRS is used to cover the left side area of each TRP. Compared to the TRP-specific TRS configuration, such as four TRS in Figure 9, 50% TRS overhead is saved by two TRS resource sets configuration. With two TRS configuration, UE can still measure all path delays through each TRS estimating half paths. However, UE can only measure two mixed Doppler shifts, no matter how many TRPs existing in UE’vision. 


Two TRS configuration

Performance evaluation
Although Doppler shifts estimate results are more imprecise than TRP-specific TRS configuration, it might not affect the UE demodulation performance, particularly with frequency offset pre-compensation. In Figure 11, the performance of two TRS configuration schemes is evaluated. In order to transmit more than two TRS resource sets, the 4-tap channel model with 2 ports is used in the simulation. 
	[image: ]
a) SNR=8dB
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b) SNR=20dB


Evaluation on the different TRS configuration schemes
According to the simulation results, it can be found that there is almost no performance degradation of two TRS configuration with two TCI states indicated for PDSCH DMRS, compared to four TRS configuration with four TCI states indicated for PDSCH DMRS. Besides, when only two TCI states corresponding to TRS2 and TRS3 are indicated for PDSCH DMRS in the four TRS configuration scheme, UE can’t get complete path delays to generate frequency-domain filter for PDSCH DMRS channel estimation. As a result, there is a significant decline in the performance of this case.
There is no performance degradation of two TRS configuration, compared to TRP-specific TRS configuration.
Support TCI indication with at most two TCI states for PDSCH/PDCCH in HST-SFN deployment.

Indication of SFN transmission
In the Rel-16 MTRP discussion, several MTRP transmission schemes are specified with a single DCI indication, including SDM, FDM and TDM manner. The specific indication is designed for them to distinguish from each other. Table 1 is a summary of indications for these different MTRP transmission schemes.
Indications of Rel-16 MTRP transmission schemes
	Transmission schemes
	CDM groups
	TCI state
	repetitionNumber-r16
	RepetitionScheme-r16

	Scheme 1a (SDM)
	2
	2
	DCI field 'Time domain resource assignment' not indicating an entry which contains repetitionNumber-r16 in PDSCH-TimeDomainResourceAllocation-r16
	\

	Scheme 2a (FDM)
	1
	2
	\
	'FDMSchemeA'  

	Scheme 2b (FDM)
	1
	2
	\
	'FDMSchemeB'

	Scheme 3 (Intra-slot TDM)
	1
	2
	\
	'TDMSchemeA'

	Scheme 4 (Inter-slot TDM)
	1
	2
	DCI field "Time domain resource assignment' indicating an entry which contains repetitionNumber-r16 in PDSCH-TimeDomainResourceAllocation-r16
	\



To distinguish SFN transmission scheme from these Rel-16 MTRP schemes, it is necessary to design a specific indication for SFN transmission, since the UE behavior would be quite different in these MTRP schemes. Furthermore, from the perspective of cell handover, SFN transmission is suitable for the case where the high-speed train is moving fast under the TRPs. However, the high-speed train is not at a high speed all the time. For instance, when the train slows down or even stops at the station, other transmission schemes might be more suitable for improving PDSCH throughput, e.g. scheme 1a in SDM manner. Therefore, the dynamic switching between SFN transmission and other transmission schemes should be considered. 
Support dynamic indication methods for SFN transmission scheme, considering to achieve dynamic switching between SFN transmission and other transmission schemes.
 
Conclusions
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In summary, the following observations and proposals are made for Rel-17 HST-SFN enhancement.
1. Using distributed TRS is beneficial to estimate Doppler shifts instead of SFN TRS.
PDSCH transmission with distributed TRS outperforms PDSCH transmission with distributed TRS and DMRS, due to lower DMRS overhead.
1. The TRP boresight and directional antenna model assumptions agreed in RAN1#102 e-meeting would cause dark under light phenomenon.
The frequency pre-compensation value can be derived based on implementation.
Frequency offset pre-compensation can enhance the UE demodulation performance effectively and outperforms UE-based solutions for HST-SFN deployment.
There is no performance degradation of two TRS configuration, compared to TRP-specific TRS configuration.

1. In Rel-17 FeMIMO HST-SFN discussion the scenario of distributed TRS transmission from TRPs should be prioritized. 
Support PDSCH transmission with distributed TRS and SFN DMRS.
The extra frequency pre-compensated TRS is unnecessary before PDSCH/PDCCH transmission, owing to the TRS overhead increasing.
Support implementation based frequency offset pre-compensation by uplink signals, without defining the QCL-like association between uplink signals and TRS.
The following QCL enhancement methods for frequency offset pre-compensation should be considered.
· Defining a new QCL-typeE which only provides the {delay spread} parameter.
· Setting a certain TCI state as the anchor point to provide complete QCL-TypeA parameters, while the other TCI state just provides a part of the parameters of QCL-TypeA which is the {delay spread} parameter.
The new QCL-typeE signaling can also be considered as the indication for enabling frequency offset pre-compensation.
Support frequency offset pre-compensation with distributed TRS as the major solution for HST-SFN in Rel-17.
Support TCI indication with at most two TCI states for PDSCH/PDCCH in HST-SFN deployment.
Support dynamic indication methods for SFN transmission scheme, considering to achieve dynamic switching between SFN transmission and other transmission schemes.

1. 
1.1. 
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Annex A Simulation assumptions
Link-level simulation assumptions
	Parameter
	Value

	Duplexing
	TDD

	Carrier frequency
	3.5GHz

	Subcarrier spacing 
	30kHz

	Propagation condition
	CDL based extension / 4-tap channel model

	TRP deployment
	Ds=700m, Dmin=150m, TRP height=35m, UE height=1.5m

	gNB antenna port configuration
	2 ports

	UE antenna port configuration
	2 ports

	Digital precoding method
	Precoding cycling, PRG=2

	TRS periodicity
	10ms, 2 slot TRS

	DMRS type
	Type 1

	Number of DMRS symbols
	1+1+1

	PDSCH mapping
	Type A, Starting symbol 2, Duration 12

	Bandwidth
	10RB

	MCS
	MCS adaptation

	Rank
	1

	UE speed
	500km/h



image2.png




image3.emf
0 100 200 300 400 500 600 700

Distance (m)

-1500

-1000

-500

0

500

1000

1500

D

o

p

p

l

e

r

 

S

h

i

f

t

 

(

H

z

)

Doppler Shift, f

c

=3.5GHz, v=500km/h


image4.emf
0 100 200 300 400 500 600 700

Distance (m)

-2000

-1500

-1000

-500

0

500

1000

1500

2000

D

o

p

p

l

e

r

 

S

h

i

f

t

 

(

H

z

)

Doppler Shift, f

c

=3.5GHz, v=500km/h

TRS1

TRS2


image5.png




image6.png




image7.emf
0 100 200 300 400 500 600 700

Distance (m)

0

1

2

3

4

5

6

T

h

r

o

u

g

h

p

u

t

 

(

M

b

p

s

)

CDL-D, f

c

=3.5GHz, v=500km/h, rank=1, SNR=8

Scheme 1: SFN transmission with distributed TRS

Scheme 2: SFN transmission with distributed TRS/DMRS

SFN transmission with SFN TRS


image8.emf
0 100 200 300 400 500 600 700

Distance (m)

0

1

2

3

4

5

6

T

h

r

o

u

g

h

p

u

t

 

(

M

b

p

s

)

CDL-D, f

c

=3.5GHz, v=500km/h, rank=1, SNR=20

Scheme 1: SFN transmission with distributed TRS

Scheme 2: SFN transmission with distributed TRS/DMRS

SFN transmission with SFN TRS


image9.png
TRP1(@fc) UE TRP2(@fc)

|
TRS1: fras; = fe+Af1 | TRS2: fros, = fe+Af2

>|4
fi DL::f c+Af1

ULRS: fyppy = (fe+Af)+Af1 UL RS: frpp, = (fe+Af)+0f2

- >

|
TRSL: fresy = fo+Af1 | TRS2: fras, = fe+Af2

fi DLi:f c+Af1

| f UL::f c+Af |
| e =0 | O prez = Of1-4f2 |
| | |
| | |
| | :
fou=fe+Af1
: Afprel =0 DL: Afpfez = Afl_AfZ :
| | |
| | |
! PDSCH/PDCCH: fepscryppech = fc"'Afl»L') DSCH/PDCCH: fopscryppcen = fe+Af1 |
: fou ::f c+Af1 :
| | |
| |
| |
| |
[ 1
| |
| |
| |
| |




image10.emf
0 100 200 300 400 500 600 700

Distance (m)

0

1

2

3

4

5

6

7

T

h

r

o

u

g

h

p

u

t

 

(

M

b

p

s

)

CDL-D, f

c

=3.5GHz, v=500km/h, rank=1, SNR=8

SFN transmission with frquency offset pre-compensation

Scheme 1: SFN transmission with distributed TRS

Scheme 2: SFN transmission with distributed TRS/DMRS

SFN transmission with SFN TRS


image11.emf
0 100 200 300 400 500 600 700

Distance (m)

0

1

2

3

4

5

6

7

8

T

h

r

o

u

g

h

p

u

t

 

(

M

b

p

s

)

CDL-D, f

c

=3.5GHz, v=500km/h, rank=1, SNR=20

SFN transmission with frquency offset pre-compensation

Scheme 1: SFN transmission with distributed TRS

Scheme 2: SFN transmission with distributed TRS/DMRS

SFN transmission with SFN TRS


image12.emf
TRP1

TRP2 TRP3 TRP4

D

s

D

min 

 


Microsoft_Visio_Drawing1.vsdx
TRS1
TRS2
TRP1
TRP2
TRP3
TRP4
Ds
Dmin


TRS3
TRS4



image13.emf
TRP1

TRP2 TRP3 TRP4

D

s

D

min 

 


Microsoft_Visio_Drawing2.vsdx
TRS1
TRS1
TRP1
TRP2
TRP3
TRP4
Ds
Dmin


TRS2
TRS2



image14.emf
0 100 200 300 400 500 600 700

Distance (m)

0

0.5

1

1.5

2

2.5

3

3.5

T

h

r

o

u

g

h

p

u

t

 

(

M

b

p

s

)

4-tap model, f

c

=3.5GHz, v=500km/h, rank=1, SNR=8

4TRS, 4TCI state

4TRS, 2TCI state

2TRS, 2TCI state

1TRS, 1TCI state


image15.emf
0 100 200 300 400 500 600 700

Distance (m)

0

1

2

3

4

5

6

7

T

h

r

o

u

g

h

p

u

t

 

(

M

b

p

s

)

4-tap model, f

c

=3.5GHz, v=500km/h, rank=1, SNR=20

4TRS, 4TCI state

4TRS, 2TCI state

2TRS, 2TCI state

1TRS, 1TCI state


image1.emf
TRP1

TRP2 TRP3 TRP4

D

s

D

min 

 

Δf

1

Δf

2

Δf

3

Δf

4


Microsoft_Visio_Drawing.vsdx
TRP1
TRP2
TRP3
TRP4
Ds
Dmin


Δf1
Δf2
Δf3
Δf4



