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1.   Introduction
[bookmark: _Hlk492027000]The Rel-17 work item for enhancements on MIMO for NR includes an objective to extend specification support for enhancements on multi-TRP/panel transmission. In RAN #86, the objective were agreed to read as follows [1]:
Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
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, we focus on the last objective, enhancement to support high speed train SFN scenario. 
2.    Discussion
2.1 Problem with HST-SFN transmission
In [2], HST-SFN scenarios were discussed, and scenarios 1 and 2d were prioritized in the studies. It is understood that the SFN deployment is more suited in order to reduce the number of handovers and improve user experience as much as possible. The main scenario with multi-TRPs can be illustrated as in Figure 1, where multiple TRPs (RRHs) connected to together with fiber and share the same cell ID.  
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[bookmark: _Ref43201656]Figure 1. High speed train scenario with multi-TRP.
In the analysis and evaluations carried out in [2-3], there is variation in Doppler shift when the UE receives simultaneous transmission from coordinated TRPs. It turns out that the Doppler shift from one TRP is about +1.0 kHz, from the other TRP is about -1.0 kHz. 
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Figure 2. [2], Figure 6.2.3.1-1: Doppler shift trajectory for SFN scenario for Table 6.2.3.1-1
The Doppler shift from a TRP may be estimated using DMRS or TRS. With SFN transmission, however, the same signal is transmitted from multiple TRPs simultaneously in the same resources. In general, this applies to all the signals, as depicted in Figure 3. Depending on the UE antenna configuration, the UE may receive these multiple transmissions. Therefore, since the DMRS are also transmitted in an SFN manner, Doppler shift estimation based on DMRS or TRS provides an estimate that comprises a composite of the Doppler shifts from the multiple TRPs. Doppler shift may also be estimated using TRS from the multiple TRPs. A simple implementation may comprise an SFN transmission of the TRPs. In that case, the same problem with respect to Doppler shift estimation is encountered. Channel estimation is also then degraded, result in impact to downlink demodulation performance.
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[bookmark: _Ref43201573]Figure 3: SFN transmission

2.2 Enhancements to support joint transmission
The above issue was highlighted in RAN4, which considered various schemes for enhancement. Joint transmission (JT) schemes were not further considered since they require further RAN1/RAN2 specification enhancement. The JT schemes with further enhancement are described below.
Scheme 1: Transmission with distributed TRS
This scheme is illustrated in Figure 4. In this scheme, a different TRS is transmitted from each TRP. This allows for the Doppler shift from each TRP to be estimated by the UE. The PDCCH and PDSCH are still SFN, however. The scheme requires the UE to be configured with two TRS. The UE should also be able to correctly receive and measure the two TRS. This can be supported by configuring the TRS with a TCI state containing a QCL-TypeD assumption with an SSB transmitted by the TRP, assuming the SSBs transmitted by the different TRPs are not SFN but different.
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[bookmark: _Ref43201783]Figure 4: SFN transmission with distributed TRS
Furthermore, it is necessary to indicate that the PDSCH transmission is associated with two TCI states, which are QCL (e.g, TypeA) with the two TRS transmitted by the respective TRPs. This would enable the UE to exploit the separately estimated Doppler shifts in its channel estimation. The two TCI states can also include corresponding QCL-TypeD assumptions associated with the DMRS transmissions from the two TRPs, although the explicit configuration may not be necessary.  The channel estimate is still a composite estimate for the channels from the two TRPs since the DMRS from the TRPs are transmitted in an SFN manner, which may cause some performance degradation. An illustration of QCL assumptions for different signals in this scheme is provided in Figure 5.
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[bookmark: _Ref43216335]Figure 5: Example on QCL assumptions 
Observation 1: Configuration of multiple TRSs distributed across TRPs enables Doppler shift estimation separately for each TRP.
Observation 2: PDSCH must be indicated with multiple QCL assumptions of the same type to enable utilization of separately estimated Doppler shift for each TRP.
Observation 3: Configuration of only distributed TRSs may still degrade demodulation performance due to composite channel estimate.
Scheme 2: Transmission with distributed DMRS
This scheme is illustrated in Figure 6. This scheme also includes transmission of distributed TRS similar to scheme 1. In addition, DMRS ports distributed across TRPs by assigning different TCI states. The PDCCH and PDSCH transmissions are still SFN. 
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[bookmark: _Ref43208254]Figure 6: SFN transmission with distributed TRS/DMRS
The DMRS antenna port associated with each TRP can be configured to be QCL (e.g, TypeA) with the TRS transmitted from that TRP. This requires the configuration of multiple antenna ports for orthogonal channel estimation. The UE must be indicated that the DMRS ports configured with different QCL assumptions are associated with the same PDSCH. The UE can then separately estimate the channel for each TRP by utilizing the separately estimated Doppler shift for the TRP. The composite channel estimate can be constructed by combining the channel estimates for the different TRPs. Alternatively, the demodulated data for the different layers from multiple TRPs can be soft-combined prior to decoding. This scheme is expected to yield better demodulation performance than scheme 1. Figure 7 illustrates example QCL assumptions for this scheme.
[bookmark: _Hlk528168953][image: ]
[bookmark: _Ref43216347]Figure 7: Example on QCL assumptions
Observation 4: Configuring the QCL information for the DMRS antennas port on each TRP to refer to the corresponding TRS enables the channel estimate for each TRP to utilize the corresponding Doppler shift estimate.
Observation 5: The UE must be indicated that the DMRS antenna ports associated with different TCI states correspond to the same layer.
Beam management is a critical aspect of SFN transmission for both schemes 1 and 2. With either scheme, it is important that the UE is appropriately configured for measuring multiple TRSs. Unlike in DPS where the UE switches between TRPs, in SFN transmission the UE is able to simultaneously receive transmission from multiple TRPs. Therefore, the UE can also be assumed to be able to receive multiple TRS transmissions simultaneously and hence no special coordination of transmission of multiple TRS should be necessary.
Proposal 1: Consider the following schemes for study of HST-SFN enhancement
· Scheme 1: Transmission with distributed TRS
· Scheme 2: Transmission with distributed DMRS
As already agreed in offline e-mail discussions on the evaluation methodology, link-level simulations will be used to compare the performance of enhanced schemes with Rel-15 SFN baseline and performance comparison with other schemes (e.g., Rel-16 URLLC, DPS, etc.) can be also provided.
Another point related to the HST-SFN scenario that was highlighted in [4] was the requirement in NR use cases to improve spectrum efficiency/cell capacity. As the people sitting near the aisle usually do not experience LoS-like better channel conditions, the spectrum efficiency and robustness of the transmission for these UEs can be further improved. 
2.3 QCL-like relationship between DL and UL signals
Another potential enhancement considered in [4] is motivated by the possibility to implement frequency pre-compensation at the TRPs. Frequency pre-compensation shifts the burden of correcting for Doppler shifts from the UE to the network. The method involves using the estimate of the Doppler shift at each TRP to correct for this shift prior to the transmission so the UE receives signals from each TRP with no Doppler shift.
There are mainly two approaches for obtaining the Doppler shift estimates at the network:
1. Estimating the Doppler shift value for each TRP at the UE using downlink reference signals (TRS or downlink DMRS) and feeding back the estimates to the network.
2. Estimating the Doppler shift value at each TRP using uplink reference signals (SRS or uplink DMRS).
The first approach entails additional reporting overhead and may suffer from the effects of estimation and feedback delay. The second approach requires transmission of the uplink reference signals.
Observation 6: Each Doppler shift estimation approach for Doppler pre-compensation on the network side is associated with certain disadvantages. 
In some UE implementations the local oscillator for uplink transmission may track the phase-locked loop for the received downlink carrier. In the case of a single-TRP transmission, the Doppler shift to be applied for frequency pre-compensation is then equal to half of the Doppler shift estimated using uplink signals. In the SFN scenario, however, particularly with a single TRS, this may create problems since the effective received carrier frequency is the result of the composite Doppler shift from the two TRPs. The uplink carrier frequency then bears no relationship to the carrier frequencies from either TRP.
With the support of two TRSs, the UE can be implemented to track the downlink carrier from one of the two TRPs. When there is a common understanding of which TRP the UE is tracking, the network can estimate the Doppler shift pre-compensation value for the corresponding TRP as in the single-TRP case: the value is half of the estimated Doppler shift on the uplink. The Doppler shift pre-compensation value for the other TRP is then the negative of the first value.
Observation 7: Correct Doppler shift pre-compensation may not possible when the UE tracks the downlink carrier frequency based on a single TRS.
Observation 8: The network can perform frequency pre-compensation correctly if the UE tracks one of the two TRPs based on a common understanding.
To support such a scheme, the UE must be configured with a QCL-like assumption for tracking one of the configured TRSs. 
Proposal 2: Study the benefit of a QCL-like relationship between DL reference signal and UL reference signal for Doppler shift pre-compensation.
2.4 Simulation methodology
The performance of the two JT transmission schemes can be studied to evaluate the benefits over a baseline scheme. The scenario for HST-SFN transmission is illustrated in Figure 8.
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[bookmark: _Ref43224679]Figure 8
The evaluation methodology was discussed offline and companies provided their inputs. In the offline e-mail discussions, the following conclusion that provides a summary of the simulation assumptions was agreed.
[bookmark: _Ref47455923]Offline conclusion #7: 
	Parameter
	FR1
	FR2

	Duplexing 
	FDD
	TDD
	TDD

	TRP layout (Ds, Dmin, etc)
	Ds=700m, Dmin=150m
For CDL based model – RRH height: 35m, UE height: 1.5m
 
	Alt 2-1: Ds=700m, Dmin=150m
Alt 2-2: Ds=400-500m, Dmin=20-50m
Alt 2-3: Ds=200-300m, Dmin=30-50m
Alt 2-4: Ds=580m, Dmin=5m
RRH height: [5/10/15/20/35]m, UE height: 1.5m

	gNB antenna configuration including number of antennas, pattern, ports, orientation, etc
	2 ports: [Mg, Ng, M, N, P]=[1, 1, 1, 1, 2],
4 ports: [Mg, Ng, M, N, P]=[1, 1, 1, 2, 2],
one-to-one mapping between antenna elements and TXRUs
omni-directional antenna
Note: The results for other antenna configurations can be also provided
 
	2 ports: [Mg, Ng, M, N, P]=[1, 1, 4, 8, 2],
directional antenna
FFS: on parameters of antenna element
Note: The results for other antenna configurations can be also provided

	UE antenna configuration including number of antennas, pattern, ports, orientation, etc
	2 ports: [Mg, Ng, M, N, P]=[ 1, 1, 1, 1, 2]  or
4 ports: [Mg, Ng, M, N, P]=[1, 1, 1, 2, 2], 
one-to-one mapping between antenna elements and TXRUs
omni-directional antenna
	2 ports: [Mg, Ng, M, N, P]=[1, 1, 2, 4, 2],
directional antenna
FFS: on parameters of antenna element

	DMRS type
	Mandatory: DM-RS type 1
Optional: DM-RS type 2

	Number of DMRS symbols
		1+1+1		

	TDD pattern
	N/A
	DDDDDDDSUU, 
S: 6D 4G 4U
	DDDDDDDSUU, 
S: 6D 4G 4U

	MCS
	MCS 4/MCS 13/MCS 17 based on 64QAM table
Note: Companies can also provide results with MCS adaptation

	Number of scheduled RBs
	[4, 8, 10, 20, 25, 48, 50]
TBD down-selection
	[4, 8, 10, 20, 25, 48, 50]
TBD down-selection
	[4, 8, 10, 20, 25, 48, 50]
TBD down-selection

	Propagation condition
	4-tap channel model (TS 36.101 (Annex B.3A) / TR 36.878 (RAN4))
	Optional: CDL extension (CDL D/E, DS = 100ns)	
	CDL extension 
(CDL D/E, DS = 20ns/30ns)

	TRS configuration, TRS periodicity
	10ms, 2-slot pattern
Note: results for 20ms periodicity can be also provided

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

	Rank
	Rank 1
Optional: other ranks or rank adaptation
	Rank 1 or 2
Optional: other ranks or rank adaptation

	BW
	10 MHz or 20 MHz
	10 MHz or 20MHz
	20MHz or 50MHz or 80MHz

	Carrier frequency or maximum Doppler shift
	2GHz, 350kmph or 500kmph
	3.5GHz, 350kmph or 500kmph
	30 GHz
200 km/h or 350km/h or 500km/h

	Performance metric
		Throughput; BLER		

	Other assumptions or simulation parameters, e.g., correlation 
	1) SCS: 
· 30kHz
· 15kHz as optional
2) Note: precoding method should be provided by each company
	1) SCS: 30kHz
2) Note: precoding method should be provided by each company
	1) SCS: 120kHz
2) Note: precoding method and analog beamforming details should be provided by each company




With respect to the TRP layout for FR2 in the simulation assumptions, Alt 2-1 is aligned with the assumption for FR1. On the other hand, the other alternatives provide TRP layouts with lower values of Ds and Dmin that may be suitable for FR2. In particular, Alt 2-4 is proposed for a tunnel deployment. To cover different deployments, two alternatives can be supported, e.g., Alt 2-1 and Alt 2-3.
Proposal 3: Support two TRP layouts to enable consideration of different deployment alternatives.
For the number of scheduled PRBs, our preference is to consider 20, which is in the middle of the proposed range. If a larger number of scheduled PRBs must also be considered, a number from the upper end of the range can be selected, e.g., 50.
Proposal 4: The number of scheduled PRBs is 20 and, optionally, 50.
3. Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss the sub-objective of multi-TRP/panel transmission related to enhancement for HST-SFN. The following observations and proposals are made.
Observation 1: Configuration of multiple TRSs distributed across TRPs enables Doppler shift estimation separately for each TRP.
Observation 2: PDSCH must be indicated with multiple QCL assumptions of the same type to enable utilization of separately estimated Doppler shift for each TRP.
Observation 3: Configuration of only distributed TRSs may still degrade demodulation performance due to composite channel estimate.
Observation 4: Configuring the QCL information for the DMRS antennas port on each TRP to refer to the corresponding TRS enables the channel estimate for each TRP to utilize the corresponding Doppler shift estimate.
Observation 5: The UE must be indicated that the DMRS antenna ports associated with different TCI states correspond to the same layer.
Observation 6: Each Doppler shift estimation approach for Doppler pre-compensation on the network side is associated with certain disadvantages. 
Observation 7: Correct Doppler shift pre-compensation may not possible when the UE tracks the downlink carrier frequency based on a single TRS.
Observation 8: The network can perform frequency pre-compensation correctly if the UE tracks one of the two TRPs based on a common understanding.
Proposal 1: Consider the following schemes for study of HST-SFN enhancement
· Scheme 1: Transmission with distributed TRS
· Scheme 2: Transmission with distributed DMRS
Proposal 2: Study the benefit of a QCL-like relationship between DL reference signal and UL reference signal for Doppler shift pre-compensation.
Proposal 3: Support two TRP layouts to enable consideration of different deployment alternatives.
Proposal 4: The number of scheduled PRBs is 20 and, optionally, 50.
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