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1	Introduction
In RAN1#102e, the following agreements were reached on possible enhancements for HST-SFN [1]. 

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

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, we provide some evaluation results and discuss our views on the various schemes and options. This is a revision of R1-2009069.
[bookmark: _Ref178064866]2	Discussion
2.1	Evaluation on FR1
2.1.1 SFN Evaluations
In the last meeting, an extended CDL channel model has been agreed to evaluate the link level performance of HST-SFN deployment [2]. In this section, the downlink link level performance of a standard UE in FR1 HST SFN deployment is presented for the extended CDL channel models. PDSCH and its associated DMRS are transmitted in an SFN manner. Also, TRS are transmitted in SFN manner to understand the limitations of such a transmission and the need for TRP specific TRS transmission. The evaluation assumptions are listed in Table 1 of the Appendix. An illustration of the deployment used for evaluations is shown in Figure 1. 
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[bookmark: _Ref54341990]Figure 1: An illustration of the deployment used for evaluation. The extended CDL-D channel model is used to model the channel between each TRP-UE pair.


Note on SNR: the SNR at the location closest to a RRH (i.e., D1=0m) , not the actual SNR at a UE location,  is shown in the evaluation results. Line-of-sight propagation is used along with the chosen antenna pattern, orientation and downtilt to calculate the link gains at D1= 0 and UE’s location of interest. The link gain at UE’s location is normalized by the link gain at D1=0 m to get the SNR gain at UE location with respect to D1=0 m. 
Figure 2 shows the estimated impulse responses obtained using the received DMRS at a UE location of D1 = 175 m and an SNR of 20 dB at D1=0m. The figure also shows the duration of the cyclic prefix (CP) for the used subcarrier spacing (SCS) of 30 kHz. It is seen from the impulse response that, at that UE location the channel impulse response has considerable energy outside the duration of CP and can degrade the downlink performance due to inter-symbol interference (ISI). If a simplified 2-TRP CDL channel model is used, the potential ISI from farther TRPs would  not be included. Therefore, we recommend that when using CDL extension channel models for evaluation, a 4-TRP model is used instead of the 2-TRP channel model which has been allowed for simplicity in [2]. Note that the plotted impulse response corresponds to the evaluation assumptions stated in Table 1 and the magnitude of ISI varies with the chosen antenna pattern, orientation, and downtilt.
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[bookmark: _Ref54298927]Figure 2: Impulse responses estimated using received DMRS for extended 4-TRP CDL-D channel model and UE location D1 = 175 m.

[bookmark: _Toc55337821]	A 4-tap extended CDL channel model is necessary to capture the potential inter-symbol interference for the agreed TRP layout and SCS=30kHz.
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[bookmark: _Ref54282778]Figure 3: Throughput vs SNR for 4-TRP extended CDL-D channel at different UE locations. The TRP antennas point towards the midpoint between adjacent TRPs.

Figure 3 shows throughput as a function of SNR at different UE locations and a velocity of 500 km/h when the TRP antennas point towards the midpoint between adjacent TRPs (which is the agreed reference orientation or downtilt). The SNR on x-axis is the SNR at D1=0m and the SNR gain due to UE location is indicated in the legend. As seen in the figure, throughput for UE locations D1 = 0, 70, 630 and 700 m reaches the peak throughput supported by the fixed MCS. The throughput at D1 = 350 saturates to a value slightly below the peak throughput of the MCS. The throughput performance for UE locations D1 = 175 m and 525 m is much below the peak throughput of the MCS. A potential cause of this worse performance can be attributed to the ISI at these UE locations, which cannot be overcome with increase in SNR. 
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[bookmark: _Ref54284772][bookmark: _Hlk54284748]Figure 4: Throughput vs SNR for 4-TRP extended CDL-D channel at different UE locations. An additional 5 degree downtilt is applied to the antenna direction that points towards the midpoint between adjacent TRPs.

[bookmark: _Hlk54299220]Figure 4 shows throughput as a function of SNR at different UE locations and a velocity of 500 km/h when an additional 5 degree downtilt is applied to the reference downtilt. Similar to the case of the reference downtilt, throughput for UE locations D1 = 0, 70, 630 and 700 m reaches the peak throughput supported by the fixed MCS. The throughput performance at UE locations D1 = 175 and 525 m improves significantly compared to the case of reference downtilt. This improvement can be attributed to the reduction in ISI caused by the two farthest TRPs due to the increase in downtilt. However, the throughput performance at D1 = 350 m is significantly worse compared to the case of reference downtilt. We suspect this behaviour is due to the fact that, with the additional downtilt: a) UE at D1=350 m receives most of its power from the two closest TRPs with equal delays, b) and experiences equal and opposite Doppler shifts on the LoS component, c) the antenna gain is reduced due to the additional 5 degree downtilt. This results in a less frequency-selective channel that can have potentially deep fades for some of the OFDM symbols in a slot.
[bookmark: _Toc55337822]	Inter-symbol interference resulting from different deployments has a huge impact on throughput performance for the agreed TRP layout and SCS=30kHz.
[bookmark: _Toc55337823]	The degradation in performance due to inter-symbol interference and due to mobility (Doppler effects) has to be separated to aid in the design of TRP specific TRS and DMRS transmission schemes.
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[bookmark: _Ref54298939]Figure 5: Throughput vs SNR for 4-TRP extended CDL-D channel at different UE locations with TRP specific cyclic delays. An additional 5 degree downtilt is applied to the antenna direction that points towards the midpoint between adjacent TRPs.

Figure 5 shows throughput as a function of SNR at different UE locations and a velocity of 500 km/h when an additional 5 degree downtilt is applied to the reference downtilt and TRP specific cyclic delay is introduced. Similar to the case of the reference downtilt and additional 5 degree downtilt, throughput for UE locations D1 = 0, 70, 630 and 700 m reaches the peak throughput supported by the fixed MCS. The throughput performance at UE location D1 = 350m improves significantly compared to the case of reference downtilt. 
In the TRP specific cyclic delay method used for the evaluation, each TRP is regarded as a transmitting antenna of a CP-OFDM system and cyclic delay diversity is applied. As a consequence, the channel characteristics at UE location D1= 350 m is altered. Although the physical delay from the two closest TRPs is the same, the receiver experiences a channel where the LoS components of the two closest TRPs do not overlap and a less-frequency selective channel with deep fades for some OFDM symbols is converted to a frequency selective channel. As a result, the throughput performance at D1= 350 m improves to a great extent, as seen in Figure 5. For the results shown in the figure, a cyclic delay of 0, 0, 50, and 50ns is applied to TRPs 1, 2, 3, and 4, respectively. As a generic rule, a small cyclic delay can be applied only to the TRP antennas facing one direction.

[bookmark: _Toc55337824]	Channel at midpoint of two adjacent TRPs exhibits unique properties due to LoS components with equal power, and equal and opposite Doppler shifts.
[bookmark: _Toc55337825]	A UE transparent scheme such as “TRP specific cyclic delay” alters the undesired properties of the channel at midpoint of two TRPs and improves performance significantly. 

2.1.2 Dynamic Point Selection Evaluations
Figures 6 and 7, show throughput as a function of SNR at different UE locations when dynamic point selection (DPS) is used. A genie TRP selection method is used, where the TRP 2 serves the UE at locations D1= 0, 70, 175, and 350 m and TRP 3 serves the UE at locations D1= 525, 630, and 700 m. Figure 6 and Figure 7 show the throughput for reference downtilt and 5 degree additional downtilt, respectively. SNR gains shown in the legends are obtained assuming only one TRP is active. Throughput for all UE locations reached the peak throughput of the MCS used.
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[bookmark: _Ref54356971]Figure 6: Throughput vs SNR for DPS at different UE locations. The TRP antennas point towards the midpoint between adjacent TRPs.
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[bookmark: _Ref54356989]Figure 7: Throughput vs SNR for DPS at different UE locations. An additional 5 degree downtilt is applied to the antenna direction that points towards the midpoint between adjacent TRPs.

[bookmark: _Toc55337826]The DPS deployment outperforms the SFN deployment in terms of throughput due to the absence of ISI and simpler channel characteristics.
2.1.3 Doppler Frequency Pre-compensation Evaluations
Evaluation result with Doppler frequency pre-compensation is shown in Figure 8 together with other schemes. In addition to frequency domain filtering with 50PRBs used in the previous results, results with frequency domain filtering with 1PRB are also shown for the baseline SFN scheme with and without CDD.  The performance of DPS is slightly better than SFN with CDD and Doppler pre-compensation at UE locations near the mid-point between two TRPs. We observed that with frequency domain filtering with 1RB, the performance of the baseline SFN is clearly improved over that with 50PRBs.
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[bookmark: _Ref55305594]Figure 8: Throughput vs SNR at different UE locations with different schemes. 
 
[bookmark: _Toc55337827]DPS slightly outperforms Doppler pre-compensation for UE locations near the middle of two TRPs

2.2 Discussion of proposed schemes on UE based schemes
In the last meeting, two schemes, i.e., Scheme 1 and Scheme 2, were proposed for improving the performance of the existing HST-SFN. 
· Scheme 1: 
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
· 
· 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

In this scheme, different TRS is transmitted from each TRP and per TRP channel can be tracked/estimated by a UE. The composite channel then is synthesized by a UE for DMRS based channel estimation. Since per TRP Doppler shift can be estimated separately, a better channel estimation could be obtained. How to synthesize the composite channel based on the per TRP channel estimation is up to UE implementation. Presumably, it can be applied to both PDSCH and PDCCH demodulation.  
To indicate the presence of per TRP TRS and QCL relationship between the TRS and DMRS, for PDSCH, two or more TCI states need to be indicated for a scheduled PDSCH. If maximum 2 MIMO layers are to be supported, the DMRS ports would be within a single CDM group. Indicating two TCI states in a DCI is already supported in Rel-16.  Otherwise, if more than 2 layers are to be supported, the DMRS ports can be in multiple CDM groups, then some spec changes are required. To support PDCCH, multiple TCI states need to be activated for a CORESET. 
In our view the enhancement on the indication and signalling for SFNed PDSCH and PDCCH could be supported.
As for whether to support 2 or more than 2 QCLs/TCI states, 2 QCL/TCI states may be sufficient for UEs within the train.  However, for CPE type of UE, more than 2 QCL may be needed due to line of sight channel, a UE could receive strong signal from multiple TRPs, which has been observed in our simulation. Therefore, some further evaluations may be needed. 
The DMRS for PDCCH and PDSCH can be QCLed with 2 TRSs, one from each TRP. Similar approach as Rel-16 associating codepoint with multiple TCI state can be used. However, 2 TCI states with one or two CDM groups indicated in DCI have been used in Rel-16 for FDM/TDM based PDCCH repetition and NC-JT schemes. To differentiate between enhanced HST-SFN with scheme 1 and Rel16 schemes, some additional signalling is needed, either in DCI or in RRC.  We don’t see the need to dynamically switch between Rel-16 multi-TRP schemes and Scheme 1 for HST-SFN, using RRC configuration to indicate if it’s Rel-16 scheme or SFNed scheme should be enough.

· Scheme 2: 
· TRS and DM-RS are transmitted in TRP-specific / non-SFN manner
· PDSCH from TRPs is transmitted in SFN manner
· 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


In Scheme 2, per TRP DMRS is transmitted in addition to per TRP TRS, so a single MIMO layer in PDSCH would be associated with two or more DMRS ports, one from each TRP.  Each DMRS is QCL with a TRS from the same TRP.  Presumably, the DMRS ports needs to be in different CDM group.  A UE needs to be indicated in DCI two or more TCI states and two or more DMRS ports for a scheduled PDSCH. This is already supported in Rel-16, but how to differentiate it from Rel-16 schemes and also how to associate each TCI states to one or more DMRS ports need to be further studied. One possible way is to use RRC configuration. 
For Scheme 2, another aspect is that it would be interesting to understand the implementation complexity comparing to Scheme 1. 
For both Scheme 1 and Scheme 2, performance evaluations are clearly needed with the agreed evaluation assumptions and compared to existing schemes such as DPS, which is supported in Rel-15 and is under RAN4 specification for HST-SFN.
[bookmark: _Toc54364210][bookmark: _Toc54394764]For both Scheme 1 and Scheme 2, evaluation should be done before making any detailed agreements.

2.3 gNB based pre-compensation scheme
There are interests from many companies to evaluate the pre-compensation scheme. From the evaluation result showed so far in the contributions from some companies, the gain on gNB based pre-compensation is not so significant even with ideal assumption on gNB and UE side. From the evaluation discussion, gNB and UE impairment is only being considered as essential for a few companies. Yet many signalling changes have been proposed such as defining a new QCL type, signalling to the UE about the pre-compensated channel, signalling to gNB about UE’s UL channel condition.   In our view, we should wait for the evaluations done before jumping in on spec changes.
Note that the link level performance improvement is mainly observed when the UE is in the middle of 2 TRPs. The question is: to which extend shall RAN1 agree on a further enhancement on the signalling based on observed improvement; to which level of effort shall the signalling being enhanced based on the benefit.

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

Two options were discussed for supporting gNB based pre-compensation schemes. Option 1 relies on gNB to schedule UL signal for the UE and to estimate the doppler shift at the receiver. For a train with many passengers, option 1 costs large amount of UL resources in order to provide gNB the channel information on Doppler shift for pre-compensation in the downlink. There can be more than one train passing by the RRH at the same time, it would be more practical for gNB to group the UEs with similar doppler shift and same direction together and schedule those UEs to receive and transmit on the same DL or UL symbols. Option 1 maynot be feasible in a deployment when pre-compensation is considered to serve many users, the UL resources could be exhausted and the effort on coordinate the scheduling is heavy. Option 2 seems to provide a solution to facilitate the grouping of UEs with same direction and Doppler shift. 

To support pre-compensation on PDSCH/PDCCH, the TRS used for Doppler measurement cannot be used as the Type A QCL source RS for DMRS.  A new QCL type may be introduced in which “Doppler shift” may be removed from Type A so that the TRS can be a QCL source RS for the DMRS. However, a frequency reference RS may still be needed for the DMRS for PDSCH demodulation, as residual frequency offset can still exist. Hence a pre-compensated reference signal, e.g., another TRS, may be needed.  In our view, it is premature to discuss all these changes before we have evaluated pre-compensation with the agreed EVM assumptions.
[bookmark: _Toc54394765]For frequency pre-compensation, evaluation should be done before making any agreement on spec changes. 
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	4/4	
Conclusion
In the previous sections we made the following observations: 
Observation 1	A 4-tap extended CDL channel model is necessary to capture the potential inter-symbol interference for the agreed TRP layout and SCS=30kHz.
Observation 2	Inter-symbol interference resulting from different deployments has a huge impact on throughput performance for the agreed TRP layout and SCS=30kHz.
Observation 3	The degradation in performance due to inter-symbol interference and due to mobility (Doppler effects) has to be separated to aid in the design of TRP specific TRS and DMRS transmission schemes.
Observation 4	Channel at midpoint of two adjacent TRPs exhibits unique properties due to LoS components with equal power, and equal and opposite Doppler shifts.
Observation 5	A UE transparent scheme such as “TRP specific cyclic delay” alters the undesired properties of the channel at midpoint of two TRPs and improves performance significantly.
Observation 6	The DPS deployment outperforms the SFN deployment in terms of throughput due to the absence of ISI and simpler channel characteristics.
Observation 7	DPS slightly outperforms Doppler pre-compensation for UE locations near the middle of two TRPs


Based on the discussion in the previous sections we propose the following:
Proposal 1	For both Scheme 1 and Scheme 2, evaluation should be done before making any detailed agreements.
Proposal 2	For frequency pre-compensation, evaluation should be done before making any agreement on spec changes.
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Appendix: Evaluation Assumptions

[bookmark: _Ref54267480]Table 1: Evaluation assumptions for FR1
	Parameter
	Value

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

	Duplexing
	FDD

	Carrier frequency
	2 GHz

	Sub-carrier spacing
	30 kHz

	Allocation
	50 PRBs (~20 MHz)

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	DMRS
	Type 1, 1+2 additional configuration
FDM with data on unused subcarriers

	TRS
	20 ms, 2-slot pattern

	Channel model
	Extended 4-tap CDL-D channel model as described by Table 2 in [3]

	Vehicle speed
	[0, 500] km/h

	Tx antennas
	2 ports: [Mg, Ng, M, N, P]=[1, 1, 1, 1, 2],
Antenna pattern: Directive antenna with 20.5 dBi gain described in Table 3 in [3]

	Rx antennas
	[Mg, Ng, M, N, P]=[1, 1, 1, 2, 2],
Antenna pattern: Isotropic

	TRP antenna orientation
	Antenna downtilt and azimuth directions point to the midpoint between the two TRPs, Custom downtilt

	Rank
	1

	Modulation and coding scheme
	Fixed, MCS 17 based on 64QAM table


	HARQ retransmissions
	Maximum of 3

	Channel estimation
	Practical, Doppler estimation based on TRS

	Receiver type
	MRC
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