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1. Introduction
In RAN#86 meeting, the WI of further enhancements on MIMO for NR was approved and the following objectives were agreed [1].
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
d. Enhancement to support HST-SFN deployment scenario:

i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission

ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework

In this contribution, the enhancements to support HST-SFN deployment scenario are discussed. 
2. HST-SFN deployment scenario and the challenges
IMT-2020 is expected to enable high mobility up to 500 km/h with acceptable QoS, and this is envisioned in particular for high speed trains (HST) [2]. HST scenario is also one of the important 5G NR deployment scenarios captured in TR 38.913[3], and the key characteristics of HST scenario are consistent passenger user experience and critical train communication reliability with very high mobility.
According to section 6.1.5 of TR38.913, one of the most important HST scenario is the SFN deployment scenario, which is also captured in Section 6.2 of 3GPP TR 36.878 [4] and Section B.3A of 3GPP TS 36.101 [5]. In this deployment scenario, multiple RRHs connect to one BBU with fiber and share the same cell ID in order to reduce the number of handovers and improve user experience as much as possible as illustrated in Figure 1. For each RRH, usually there are two TRPs which orient opposite directions along the track. The HST-SFN deployment is still the most important scenario for NR high speed train at least in our 5G commercial network.
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Figure 1: Deployment of HST-SFN (several RRHs distributed equidistantly along the track with the same Cell ID)
In HST-SFN deployment scenario, the typical downlink transmission scheme in traditional LTE commercial network and the first phase 5G commercial network is the SFN based transmission, in which all the TRPs in the same cell transmit the same signals. The challenge in HST-SFN deployment scenario most comes from the high Doppler shift caused by the high speed (e.g., 500km/h), higher frequency (e.g., 2.6GHz, 3.5GHz) and the characteristics of SFN deployment. For example, the Doppler shift could reach up to about 1.2kHz for 2.6GHz and about 1.6kHz for 3.5GHz. Furthermore, when the train is located in the middle of two RRHs, the users in the train will experience +1.6kHz and -1.6kHz Doppler shift simultaneously. The significant difference of the Doppler shifts experienced simultaneously by the UE will cause great performance degradation. Therefore, from operator’s point of view, we would be very happy to see some new enhancements which can provide benefits and performance gains compared to the SFN based transmission which is currently deployed in the first phase 5G HST commercial network. 

3. Discussion on enhancements to support HST-SFN deployment scenario
There are two objectives in the WID targeting enhancements to support HST-SFN deployment scenario. Here, we will discuss these two objectives and the potential performance gains.

3.1. Solution(s) on QCL assumption for DMRS targeting DL-only transmission
The first objective is to identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission. The basic idea of this objective is to provide more than one TCI states for the SFN-based PDSCH transmission to improve the channel estimation performance. This scheme is very similar to the SDM scheme 1c discussed in multi-TRP URLLC in Rel-16.
Let’s take an example as in figure 2, in traditional SFN-based PDSCH transmission as in figure 2a, the DCI will indicate only one TCI state, e.g., TRS0, for the corresponding one or more DMRS ports. Both DMRS port(s) and the corresponding TRS will experience the same composite channel with two major paths from TRP1 and TRP2 if we only consider the two paths with largest received power for simplicity. In order to perform DMRS channel estimation, UE needs to first estimate the large scale profiles, e.g., Doppler shift, Doppler spread, average delay and delay spread, based on the composited TRS. However, it would be very hard for UE to accurately estimate the two significantly different Doppler shifts based on the single composited TRS, which will lead to DMRS channel estimation performance degradation.
If the DCI can indicate more than one TCI states for one or more layers, and each TRS corresponds to a major channel path, e.g., TRS0 and TRS1 as in figure 2b, then UE can estimate the two significant different large scale profiles especially for Doppler shift based on the two separate TRSs for DMRS channel estimation. For HST-SFN scenario, the TRPs orienting the same side, e.g., TRP0 and TRP2 in figure 2b, can transmit the same TRS, therefore two TCI states indicated by the same DCI could be enough for the enhancement in this objective.
Additionally, the specification impact of this objective is relatively small. Since it was already supported in multi-TRP transmission in Rel-16 that two TCI states can be indicated in a single DCI, the only difference here is that for each DMRS port all of the TCI states indicated in the DCI should be used for channel estimation. 
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Figure 2. Example of multiple QCL assumptions for the same DMRS port(s)
Proposal 1: For the first objective, support indication of two QCL assumptions or TCI states for the same DMRS port(s) in a single DCI.
3.2. Enhancements on QCL/QCL-like relation between DL and UL signal
The second objective is to evaluate and specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework. The basic idea of this objective is to enable Doppler shift pre-compensation at gNB side for SFN-based downlink transmission so that the UE will not experience significant different Doppler shifts from different TRPs. In the ideal case, UE will only experience negligible Doppler shift even when the UE locates at the middle of two TRPs.

3.2.1. Implementation based Doppler shift pre-compensation
Let’s consider the simplified HST-SFN scenario illustrated in figure 3, in order to perform gNB side Doppler shift pre-compensation, gNB needs to estimate the Doppler shifts for different TRPs, i.e., TRP1 and TRP2 if we only consider the two paths with largest received power for simplicity. Companies may argue that Doppler shift pre-compensation could be realized through network implementation. Here, we also provide two examples for implementation based Doppler shift compensation. 
· Example 1 of implementation based Doppler shift pre-compensation
In figure 3, the traditional SFN-based downlink transmission scheme is used, i.e., TRS, DMRS and PDSCH are all transmitted in the same SFN manner. The implementation based Doppler shift pre-compensation at gNB side could be realized according to the following steps:
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Figure 3. Example 1 of implementation based Doppler shift pre-compensation
In this example, network pre-compensates the Doppler shift for DMRS/PDSCH as well as for TRS. Since different UEs need different Doppler shift pre-compensations, network needs to transmit different periodic TRSs for different UEs. In order to reduce the overhead of TRS from the network perspective, only UE group specific Doppler shift pre-compensation is realistic for this scheme, which means UEs in a cell will be divided into several groups and only a common Doppler shift of a UE group can be pre-compensated, which will also impact the performance. Even based on UE group specific Doppler shift pre-compensation, the overhead of TRS in this scheme will still be significantly larger than traditional SFN-based transmission. Additionally, it may need further investigation and implementation on how to determine which TRS should be configured for a particular UE.
· Example 2 of implementation based Doppler shift pre-compensation
In figure 4, different from figure 3, although DMRS and PDSCH are transmitted in SFN manner, TRS is only transmitted from TRP1. The implementation based Doppler shift pre-compensation at gNB side could be realized according to the following steps:
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Figure 4. Example 2 of implementation based Doppler shift pre-compensation

In this example, network pre-compensates the Doppler shift for DMRS/PDSCH but not for TRS. Different from example 1 in figure 3, UE specific Doppler shift pre-compensation could be achieved in this scheme. The overhead of TRS in this scheme is also significantly less than in example 1. However, if only TRS0 is configured in the cell, it means only TRS0 can be indicated in the TCI state by DCI, and the delay experienced by TRS0 (i.e., a single path) may be different from the delay experienced by DMRS/PDSCH (i.e., two paths), which will degrade the channel estimation performance.
3.2.2. Enhancement for Doppler shift pre-compensation
Considering the above example 2 can achieve UE specific Doppler shift pre-compensation and also has less TRS overhead compared to example 1, here we provide an enhancement method based on example 2. Different from the above example 2, TRP2 could also transmit another TRS1 as illustrated in figure 5 and the whole procedure is explained as follows. 
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Figure 5. Enhancement based on example 2 of implementation based Doppler shift pre-compensation
Based on this enhancement, compared with the above example 2 of implementation based Doppler shift pre-compensation, channel estimation performance of the enhanced scheme could be improved since both TRS0 and TRS1 could be indicated in the TCI state by DCI, but it is assumed that TRS0 is used as QCL-TypeA and TRS1 is used as newly defined QCL-Type (e.g., QCL-TypeE:{ average delay, delay spread}), which means that TRS1 is only used for delay related profile estimation. 

Since there are two TRSs are configured and transmitted for each UE, network needs to pre-configure or semi-statically indicate UE to determine the modulated UL carrier frequency based on which TRS, otherwise UE may experience a large frequency shift on PDSCH/DMRS, e.g., if UE is located in the middle of the two TRPs, and UE determines its modulated carrier frequency based on TRS1 (i.e., carrier frequency = fc+1.6kHz) but not based on TRS0, then UE will experience 3.2kHz frequency shift on PDSCH/DMRS/TRS0 (i.e., fc-1.6kHz) which will degrade the system performance if the frequency shift is not estimated and compensated properly at UE side. 
In order to indicate UE which TRS should be used to determine the modulated UL carrier frequency, different options can be considered. One example is that, if two QCL-Types (i.e., QCL-TypeA and QCL-TypeE) are indicated to the UE, UE will automatically use the TRS corresponding to QCL-TypeA to determine the modulated UL carrier frequency. 
Additionally, based on TRS0 and TRS1, dynamic switching between different transmission schemes can be supported, e.g., SFN-based transmission and SDM scheme 1a in Rel-16.

Proposal 2: For the second objective, consider to define a new QCL-TypeE { average delay, delay spread} for HST-SFN to enable DL Doppler shift pre-compensation, the newly defined QCL-TypeE can be used together with QCL-TypeA to indicate a TRS for UE to determine its modulated UL carrier frequency based on the reception of the corresponding TRS.
4. Evaluation assumptions and method for Doppler shift pre-compensation
Based on the current WID, at least for the second objective, study and evaluation are needed before specification. For simplicity, the simplified HST-SFN deployment scenario illustrated in figure 7 is adopted for evaluation. The parameters used to characterize the HST-SFN deployment scenario is listed in table 1, and we also provide the typical values for the parameters used in the commercial network deployment. For simplicity, we select N (N=21 in figure 7) equally spaced UE locations between two TRPs to perform LLS simulation for each point.

[image: image9]
Figure 7. HST-SFN deployment scenario used for evaluation

Table 1: Parameters for HST-SFN deployment scenario
	Parameter
	Value

	Carrier Frequency fC
	2.6GHz

	TRP Railway track distance 
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	150m

	Distance between two TRPs 
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	700m

	TRP height (compared to railway track)
	25m


Proposal 3: The simplified HST-SFN scenario in figure 7 and parameter values in table 1 could be used as the starting point for evaluation.
4.1. Baseline transmission scheme
Regarding the baseline transmission scheme for evaluation of objective 2, some companies may prefer that Rel.16 multi-TRP enhancement should be taken as the baseline. We are open to study the benefit of the HST-SFN enhancement in Rel-17 over Rel-16 multi-TRP transmission schemes. However, from our perspective, since the typical downlink transmission scheme in the first phase 5G commercial HST network is the SFN based transmission, the performance gain of the Rel-17 HST-SFN enhancement compared to the traditional SFN-based transmission is also important. Additionally, the Rel-16 multi-TRP transmission scheme is a very big and complicated feature, and it is uncertain that whether the Rel-16 multi-TRP transmission schemes will be introduced in the 5G commercial macro network or not. If the Rel-16 multi-TRP transmission schemes are not introduced in the 5G commercial macro network, then we need to further decide whether it is still cost efficient to introduce them only for HST scenario. In the contrast, if Rel-17 can provide a simple and dedicated enhancement for HST scenario compared to the commercialized the SFN-based transmission, it would still be promising for application in the commercial HST network.
Proposal 4: At least traditional SFN based transmission scheme could be used as the baseline for evaluation of the second objective.
4.2. Evaluation methodology
In the email discussion on the evaluation methodology for objective item 2d before this meeting,  based on companies’ input, it was proposed to adopt RAN4 4-taps model based on TS 36.101 (Annex B.3A) / TR 36.878 as baseline / mandatory model, and adopt CDL-based multipath extension from RAN4 model with 2 taps as additional / optional model.  The CDL extension with 2-tap channel model proposal for HST is as following. 
Combination of the CDL channel model in TR38.901 and the 4-tap channel model in TS36.101 Annex B.3A could be considered. As illustrated in figure 7, 2-tap channel model for simplicity could be assumed which is similar to RAN4’s 4-tap assumption in order to reflect the characteristic of SFN-based transmission, and for each tap, CDL channel model in TR38.901 could be used to model the effect of the directional antenna of gNB. 
· The antenna pattern of each TRP in HST-SFN scenario
In our first phase of 5G HST commercial deployment, both 2Tx and 8Tx can be used for different scenarios. The antenna pattern of TRP for 2Tx and 8Tx is illustrated in Table 1 and 2, respectively. 
Table 1: Antenna radiation pattern for TRP with 2Tx
	Parameter
	Values

	Antenna configuration
	2Tx: [Mg, Ng, M, N, P]=[1, 1, 1, 1, 2],

one-to-one mapping between antenna elements and TXRUs

	Vertical cut of the radiation power pattern (dB) for a single antenna element
	
[image: image12.wmf](

)

2

''

''''''

3

90

,0min12,

dBV

dB

ASLA

q

qf

q

ìü

æö

-°

ïï

=°=-

íý

ç÷

èø

ïï

îþ


with 
[image: image13.wmf]3

5

dB

q

=°

,
[image: image14.wmf]30

V

SLAdB

=

 and 
[image: image15.wmf][

]

''

0,180

q

Î°°



	Horizontal cut of the radiation power pattern (dB) for a single antenna element
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	3D radiation power pattern (dB) for a single element
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	Maximum directional gain of an antenna element GE,max
	20.5 dBi


Table 2: Antenna radiation pattern for TRP with 8Tx
	Parameter
	Values

	Antenna configuration
	8Tx: [Mg, Ng, M, N, P]=[1, 1, 1, 4, 2],

one-to-one mapping between antenna elements and TXRUs

	Vertical cut of the radiation power pattern (dB) for a single antenna element
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	Horizontal cut of the radiation power pattern (dB) for a single antenna element
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	3D radiation power pattern (dB) for a single element
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	Maximum directional gain of an antenna element GE,max
	17.5 dBi


For simplicity, 2Tx for each TRP can be used in the evaluation. Based on our experience of commercial deployment and the description in section 11.2 of TS38.802, the boresight of the TRP’s antenna array can be determined so that the horizontal half power beam direction points to the midpoint between the two TRPs. To be more specific, in figure 7, the boresight of TRP1 can be set as 
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and the boresight of TRP2 can be set as 
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The antenna downtilt for each TRP could be set to 6 degrees, which is also calculated so that the vertical upper half power beam direction points to the midpoint between the two TRPs as follows.
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For UE, omnidirectional antenna is used. 
· The delay for k’th TRP is modified as
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 is the delay of k’th TRP, which can be derived as
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 is the delay of the n’th channel cluster as in Table 7.7.1-1~7.7.1-5 in 38.901, and assume the 3-dementional location of the k’th TRP is xk, and the UE’s 3-dementional location is y(t).  The height of gNB is assumed to be 25m and the height of UE is assumed to be 1.5m.
The delay spread for different TRPs could be modeled as different.
· The normalized power for k’th TRP is modified as 
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There was a FFS in the email discussion regarding whether to use 3D distance for calculation of Pk. We think it would be better to use 3D distance for calculation of Pk, which means the y(t) and xk are the 3D locations.
· To generate the modified angle parameters, the scaling method mentioned in subclause 7.7.5.1 in TS 38.901 is used,
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is the tabulated CDL ray angle
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is the rms angular spread of the tabulated CDL including the offset ray angles, calculated using the 

angular spread definition in Annex A in TS 38.901
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is the mean angle of the tabulated CDL, calculated using the definition in Annex A in TS 38.901
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For simplicity, Assume
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of the k’th TRP is the AOD, AOA, ZOD and ZOA of LOS cluster derived by the locations and antenna heights of UE and TRPs. CDL-D and CDL-E channels models are recommended for evaluations. If 
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is used to denote the distance between UE and TRP1. 

For AOD1 of TRP1,   
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For AOA1 of TRP1, 
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For AOD2 of TRP2, 
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For AOA2 of TRP2, 
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For ZOD1 of TRP1,   
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For ZOD1 of TRP2,   
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For ZOA2 of TRP1 ,  
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For ZOA2 of TRP2,   
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Proposal 5: Both RAN4 4-taps model and CDL extension with 2-tap channel model in section 4.2 could be used as the channel model for HST evaluation.
The other simulation assumptions used in the evaluation is as following.
	Parameter
	Value

	Duplexing
	TDD

	UE antenna configuration including number of antennas, pattern, ports, orientation, etc
	2 ports: [Mg, Ng, M, N, P]=[ 1, 1, 1, 1, 2],

one-to-one mapping between antenna elements and TXRUs

omni-directional antenna

	The height of gNB
	25m

	The height of UE
	1.5m

	DMRS type
	DM-RS type 1

	Number of DMRS symbols
	1+1+1

	TDD pattern
	DDDDDDDSUU, S: 6D 4G 4U

	MCS
	MCS 4/MCS 13/MCS 17 based on 64QAM table

	Number of scheduled RBs
	20

	TRS configuration, TRS periodicity
	10ms, 2-slot pattern

	PDSCH / PUSCH mapping
	Type A, Start symbol 2, Duration 12

	UE speeds
	500 km/h

	SCS
	30KHz SCS

	Carrier frequency
	3.5GHz, 500kmph

	Performance metric
	Throughput


5. Conclusion

In this contribution, the enhancements to support HST-SFN deployment scenario are discussed and the following are proposed.
Proposal 1: For the first objective, support indication of two QCL assumptions or TCI states for the same DMRS port(s) in a single DCI.

Proposal 2: For the second objective, consider to define a new QCL-TypeE { average delay, delay spread} for HST-SFN to enable DL Doppler shift pre-compensation, the newly defined QCL-TypeE can be used together with QCL-TypeA to indicate UE to determine its modulated UL carrier frequency based on the reception of the TRS corresponding QCL-TypeA.

Proposal 3: The simplified HST-SFN scenario in figure 7 and parameter values in table 1 could be used as the starting point for evaluation.
Proposal 4: At least traditional SFN based transmission scheme could be used as the baseline for evaluation of the second objective.
Proposal 5: Both RAN4 4-taps model and CDL extension with 2-tap channel model in section 4.2 could be used as the channel model for HST evaluation.
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fc *0f, +Af

g
(10) Afpre2=frrri-frre2=Bf1 -Bf2
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[image: image62.png]! (1) TRPLand TRP2 transmit TRSy; at carrier frequency f in a SFN manner. Here the subscript “i” is from the
! network’s perspective, since there may be more than one TRS in a cell, but from UE’s perspective, here we consider
i there will be only one TRS configured for a single UE and different UEs may have different TRS configurations;

w:n
|

(2) UE determines the modulated UL carrier frequency fyp=f; + Af based on the carrier frequency of TRSs; received
: from gNB, the value of Af is up to UE implementation;

' (3) UE transmits UL RS, e.g., SRS, at carrier frequency fyi;

(4) Based on UL RS, TRP1 estimates that the frequency shiftis Af+ Af; and TRP2 estimates that the frequency shift is
VAfHAS,

(5) gNB calculates the Doppler shift pre-compensation value for TRP2, i.e., Afy,..2=Af; -Af; ;

(6) TRP1 and TRP2 transmit TRSgey /DMRS/PDSCH at carrier frequency f¢ and fo +Afy,re0= fe +Afi -Afy
respectively;

(7) UE receives TRSsy,/DMRS/PDSCH at carrier frequency f, +Af; , UE determines the modulated UL carrier
frequency fyp=fc +Af; based on the carrier frequency of TRSgy,; received from gNB;

(8) UE transmits UL RS, e.g., SRS, at carrier frequency f{;

! (9) Based on UL RS, TRP1 estimates that the frequency shiftis 2Af; and TRP2 estimates that the frequency shift is
iAf1 +tAf, ;

(10) gNB calculates the Doppler shift pre-compensation value for TRP2, i.e., Af,r02=Af; -Af; ;

H(11) ...
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[image: image65.png]' (1) TRP1 transmits TRSO at carrier frequency f .

(2) UE determines the modulated UL carrier frequency fyr=fc + Af; based on the carrier frequency of TRSO received
i from gNB.

(3) UE transmits UL RS, e.g., SRS, at carrier frequency fy .
(4) Based on UL RS, TRP1 estimates that the frequency shiftis 2Af; and TRP2 estimates that the frequency shift is
PAf; HAf,
(5) gNB calculates the Doppler shift pre-compensation value for TRP2, i.e., Afy,..2=Af; -Af; . i
! (6) TRP1and TRP2 transmit DMRS/PDSCH at carrier frequency fz and f¢ +Af,,e2= fc +Af; -Af, , respectively;
iTRPltransmits TRSO at carrier frequency f. .
(7) UE receives TRSO/DMRS/PDSCH at carrier frequency fyz=f¢ +Af; , UE determinesthe modulated UL carrier :
i frequency f;r based on the carrier frequency of TRSO received from gNB.
(8) UE transmits UL RS, e.g., SRS, at carrier frequency fy . i
(9) Based on UL RS, TRP1 estimates that the frequency shiftis 2Af; and TRP2 estimates that the frequency shift is
Afy +Af, .
i (10) gNB calculates the Doppler shift pre-compensation value for TRP2, i.e., Afy,e;=Af; -Af; .



[image: image66.png](1) TRP1 transmits TRSO at carrier frequency f . TRP2 transmits TRS1 at carrier frequency f . Network configures or
indicates UE to determine the modulated UL carrier frequency based on the carrier frequency of TRSO received from
1 gNB.

(2) UE determines the modulated UL carrier frequency fyr=fc + Af; based on the carrier frequency of TRSO received

i (3) UE transmits UL RS, e.g., SRS, at carrier frequency fy .
(4) Based on UL RS, TRP1 estimates that the frequency shiftis 2Af; and TRP2 estimates that the frequency shift is
Af; +Af .
! (5) gNB calculates the Doppler shift pre-compensation value for TRP2, i.e., Afy..,=Af; -Af; . ;
(6) TRP1and TRP2 transmit DMRS/PDSCH at carrier frequency fc and f¢ +Afyre= fc *Af; -Af, , respectively. TRP1

(8) UE transmits UL RS, e.g., SRS, at carrier frequency fy;

' (9) Based on UL RS, TRP1 estimates that the frequency shiftis 2Af; and TRP2 estimates that the frequency shift is
VAf; YOS

! (10) gNB calculates the Doppler shift pre-compensation value for TRP2, i.e., Afprea=0f1 -Ofy 5

(1) ...
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