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1	Introduction
In RAN1#104bis-e, the following agreements were reached on enhancements for HST-SFN [1]. 
Agreement
Introduce enhanced MAC CE signaling for PDCCH activating two TCI states for SFN-based PDCCH transmission
· The corresponding MAC CE includes at least the following fields 
· Serving cell ID
· CORESET ID
· Two TCI state IDs
· FFS whether for CA scenario additionally support RRC configured set of the serving cells which can be addressed by a single MAC CE
· FFS whether or not enhanced MAC CE signaling is applicable to a CORESET configured with CORESETPoolindex
Send LS to RAN2 to inform about agreement on support of enhanced MAC CE for CORESET in Rel-17. LS is endorsed in R1-2104064


Agreement
Specification-based TRP Doppler pre-compensation scheme is supported in Rel-17 for FR1 with one or both:
· UL RS based Doppler estimation by gNB
· FFS: Details including UL RS enhancement 
· DL RS based Doppler feedback by UE
· FFS: Details
· FFS: Whether UE capability needs to be introduced
· Whether to support one or both will be decided later

Agreement
· Support dynamic (DCI-based) switching of scheme 1 (PDSCH) with single-TRP scheme by TCI state field in DCI format 1_1/1_2
· This feature is UE optional
· FFS all other details including RRC signalling, possible RAN4 impact (if any), etc.

Working Assumption
All QCL source RS resource types as defined in TCI state for Rel-16 multi-TRP are supported for scheme 1
Agreement
Support semi-static (RRC-based) switching of scheme 1 (PDSCH) with Rel-16 scheme 1a
· FFS: Whether dynamic switching is additionally supported

Agreement
Scheme 1 for PDSCH is identified by
· New RRC parameter and the number of TCI states indicated by DCI
· FFS RRC configuration details, e.g., per BWP or per CC
· FFS whether or not restriction to a single CDM group for DM-RS is also supported

In this contribution, we provide our views on the DL RS based Doppler feedback, PDCCH SFN related issues and gNB pre-compensation scheme. 
[bookmark: _Ref178064866]2	Discussion
2.1 UE reporting of Doppler shift
UE reporting of Doppler shift shall be supported. As shown in our simulation results in previous contribution [3] which is also aligned with the results from many other companies simulation, the TRP based pre-compensation shows gain over DPS or SFN scheme at the range around middle point when the DL SNR is low. If DL SNR received at UE is low, the UL SNR received at gNB is much lower. In RAN4 simulation for HST, performance evaluation related low UL SNR scenario is done with MCS=2, approximate code rate of 1/10. It means gNB can decode the PUSCH with low code rate under low SNR for UE moving at 500km/h, however the Doppler estimation is based on the relative phase shift between the DMRS symbols, the accuracy of doppler estimation is unreliable when there’s strong interference or weak UL signal due to the poor channel condition. UE reporting of doppler shift base on DL TRS can improve the reliability and accuracy of Doppler estimation under poor channel condition because TRS is transmitted over a wide bandwidth. TRS is available periodically in one or two consecutive slots, and generally has better coverage than UL RS. Here we provide our analysis from the overhead and latency perspective to explain how the doppler shift can be reported.
2.1.1 Number of Bits Required
For Doppler frequency report by a UE, the DL frequency difference between two TRPs can be reported. Table 1 below shows the DL doppler difference between two TRPs and the number of bits needed to represent the difference with a given step size of 20Hz.

[bookmark: _Ref71462420]Table 1:  DL Rx frequency difference between two TRPs and the number of bits required for report the difference with a 20Hz frequency resolution.
	
	Doppler (Hz)
	max |fd1-fd2| (Hz)
	max|f_tx1-f_tx2| (Hz)
	max |f_rx1-f_rx2| (Hz)
	# of steps
	# of bits

	f0 (GHz)
	500 km/h
	100 km/h
	50 km/h
	500km/h
	+/-0.05ppm
	
	step size = 20Hz

	1
	463
	93
	46
	926
	100
	1026
	103
	7

	2
	926
	185
	93
	1852
	200
	2052
	205
	8

	3
	1389
	278
	139
	2778
	300
	3078
	308
	9

	4
	1852
	370
	185
	3704
	400
	4104
	410
	9

	5
	2315
	463
	231
	4630
	500
	5130
	513
	10

	6
	2778
	556
	278
	5556
	600
	6156
	616
	10



 It can be seen that for UE speed of 500km/h, the maximum frequency difference between two TRPs at 6GHz for FR1 is 5556 Hz. If we select a frequency resolution of 20 Hz, the number of bit to represent the doppler different at 1 GHz with 500km/h is 7, the number of bits for 6 GHz is 10.

[bookmark: _Toc71654649]To report DL frequency difference between two TRPs, 7 or 10 bits are enough for FR1 with 20Hz frequency resolution. 
2.1.2 UL Overhead
For UL overhead by the frequency report, let’s assume that PUCCH format 3 is used for the doppler report , some rough estimation is shown in the Table 2, where PUCCH format 3 with 1 RB and 7 symbols is assumed.  For 100 UEs, the overhead for reporting the doppler difference is about 5% with 20 ms report periodicity and 10MHz BW.  The code rate is about 0.083.  It is possible that it could be multiplexed with a CSI with a slightly higher code rate without extra CSI overhead. Table 3 gives an example of overhead with SRS based Doppler estimation. 

[bookmark: _Ref71462564]Table 2 Overhead analysis for reporting the doppler difference using PUCCH format 3
	PUCCH format 3
	
	
	

	# of RBs 
	1
	# of UEs
	100

	# of symbols
	7
	Report period (ms) 
	20

	# of DMRS symbols
	2
	# of UE per slot
	5

	# of data symbols
	5
	# of RBs 
	5

	# of REs for data
	60
	BW (RBs)
	50

	# of encoded bits 
	120
	overhead
	5%

	UCI payload (bit)
	10
	

	code rate
	0.083
	 
	 



[bookmark: _Ref71624248][bookmark: _Ref71624238]Table 3: An example of overhead with SRS based Doppler estimation
	SRS
	

	# of UEs
	100

	# of Symbols 
	4

	# of combs
	2

	# of Cyclic shifts
	4

	# of SRS ports
	1

	# of UEs/slot
	8

	# of slots
	12.5

	Period (ms) 
	20

	Overhead 
	17.9%



[bookmark: _Toc71654650]The overhead for doppler shift report is small (less than 5% overhead for 100 UEs in a 10 MHz bandwidth with 20 ms reporting periodicity and less than 0.1 code rate).
2.1.3 Doppler Frequency Change Rate and Frequency for Doppler Report
 Figure 1(a) illustrates the Doppler shift UE experiences from the 2 TRPs when moving from one TRP to another at a speed of 500km/h and at 2GHz. The two TRPs are separated by 700 meters and are 50meters away from the train tack.  The Doppler frequency change per 10ms is shown in Figure 1(b), where we can observe that the doppler change is more significant ( about 25Hz per 10ms) when UE is close to each of the TRPs  (i.e., within 50meters), where the signal is dominated by one TRP and the gain of SFN is generally insignificant.  When the UE is more than 100m away from each TRP, the Doppler changes rather slowly, less than a couple of Hz per 10ms.  As the main interest region for Doppler pre-compensation is around the middle point between two TRPs, there is no need for frequent Doppler frequency report, every couple of 100ms should be enough for this example.   
[bookmark: _Toc71654651]Large Doppler changes (about 25Hz /10ms maximum) occur only when the UE is close to a TRP (i.e., <50meters), a scenario where signals received from a single TRP dominate and SFN with pre-compensation is less critical.
[bookmark: _Toc71654652]Doppler frequency changes very slowly, i.e., a few Hz per 10ms, when the UE is away from a TRP (i.e., >100meters).  Therefore, there is no need for frequent Doppler reporting.

Region of interest
(a) Doppler frequencies of two TRPs  at different UE locations.
(b) Rate of Doppler frequency changes along train track 
UE moving direction
(fd2-fd1)/10ms


[bookmark: _Ref71463006][bookmark: _Ref71462880]Figure 1  Doppler frequency and the rate of Doppler frequency change for a UE moving along train track between 2 TRPs.

2.1.4 Doppler Frequency Reporting under Existing CSI Framework
As discussed above, up to 10bits should be enough in FR1 for a Doppler report, which is in the same order of a RSRP report (7bits) or a group based RSRP report (11bits).  It is envisioned that the same CSI framework can be used with TRS as the CMR and a new report quantity for indicating Doppler frequency report.  The report can be periodic, semi-persistent, or aperiodic.
A TRS is currently configured by a NZP CSI-RS resource set with two or four CSI-RS resources each with a single antenna port and over one or two consecutive slots.  One limitation in the current CSI framework is that only a single NZP CSI-RS resource set can be configured/used for each CSI report.  To measure DL frequency difference between two TRPs at the UE, two TRSs are needed and thus two corresponding NZP CSI-RS resource sets need to be configured in a CSI report for Doppler frequency report.  
Alternatively, two Doppler frequency reports may be configured, one for each TRP. In each reporting setting, a single TRS or NZP CSI-RS resource set is configured.  This would double the reporting overhead. 
For aperiodic report, the timeline for Doppler frequency report can be the same or similar as for RSRP/SINR.
[bookmark: _Toc71654653]Doppler frequency report can be easily supported by the existing CSI framework with some minor changes.

Given the above observations, we have the following proposal:
[bookmark: _Toc71654668]Support DL RS based UE reporting of DL frequency difference between two TRPs. FFS: other details

2.2 PDCCH SFN related issues
2.2.1 Configuration of SFN PDCCH
The signalling of SFN PDCCH via MAC CE by activating a CORESET with two TCI states was agreed on the previous meetings. A remaining question is whether additional RRC configuration is required.  If SFN PDCCH is supported by a UE by capability signalling, gNB can indicate SFN PDCCH to the UE by activating a CORESET with 2 TCI states in a MAC CE. An additional RRC parameter doesn’t seem to be necessary from configuration perspective. If a UE doesn’t support SFN PDCCH, the UE would not expect a CORESET to be activated with two TCI states.  Furthermore, if RRC parameter is needed to enable or disable the CORESET association with 2 TCI state, during the transition period of RRC reconfiguration which is much longer than MAC CE, the related CORESET cannot be used.
[bookmark: _Toc71654654]Additional RRC parameter is not needed on top of MAC CE activation of CORESET with 2 TCI states to indicated SFN PDCCH.
2.2.2 Default TCI state
When PDCCH is configured to be SFNed with 2 TCI states, the default TCI state for difference reference signals and channels need to be decided. The default TCI state for HST SFN scenario should follow the principle of release 15/16 design as much as possible to avoid ambiguity and complexity when switching among the difference schemes. 
For single TRP PDSCH, i.e., at most one TCI state is configured for all TCI codepoints, a UE can only receive PDCCH/PDSCH from one TRP or beam at a time. Therefore, the default TCI state should be one of the two activated TCI states of a CORESET activated with two TCI states, the CORESET is determined according to the Rel-15 rules.  
[bookmark: _Toc71654669]If no TCI codepoint indicate two TCI states, the default TCI is one of two TCI states activated for a CORESET determined according to Rel-15 rules
· [bookmark: _Toc71654670]FFS: the 1st or 2nd TCI state
If a UE is configured with  Rel-16 multiTRP PDSCH configuration, i.e.,  at least one TCI codepoint is mapped to two TCI states,  and enableTwoDefaultTCIStates is configured, Rel-16 default TCI rule shall be followed;  if  enableTwoDefaultTCIStates is not configured, UE applies the first TCI state of the CORESET with lowest CORESET ID. 
[bookmark: _Toc71654671]If at least one TCI codepoint indicates two TCI states, 
· [bookmark: _Toc71654672]If enableTwoDefaultTCIStates is configured, the default TCIs for PDSCH are the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states
· [bookmark: _Toc71654673]If enableTwoDefaultTCIStates is not configured, the default TCI for PDSCH is one of two TCI states activated for a CORESET determined according to Rel-15 rules. 

If Rel-17 SFN PDSCH is configured, a UE would be able to receive from two TRPs or beams simultaneously.  It is expected that at least one TCI codepoint is mapped to two TCI states.  The default TCI states can be either the two TCI states associated with a lowest TCI codepoint or two TCI states activated for a CORESET.   An issue with the latter is that if a CORESET determined according to the Rel-15 rule ( i.e., the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE) is activated with a single TCI state and  a SFN PDSCH is scheduled with an offset less than the threshold timeDurationForQCL,  then there would be a mismatch.  Therefore, in our view, the former should be supported.  It should work regardless whether dynamic switching between SFN PDSCH and single TRP PDSCH. 
[bookmark: _Toc71654674]If Rel-17 SFN PDSCH is configured, the default TCIs are the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. 
For aperiodic CSI-RS in NR rel-15/16,  if the scheduling offset is smaller than the UE reported threshold as specified in 38.214, and the CSI-RS does not overlap with any other signals, and  if at least one CORESET is configured for the BWP in which the aperiodic CSI-RS is to be received, the default TCI state for the aperiodic CSI-RS is  the TCI state activated for the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored.   If the CORESET is activated with two TCI state, in general, one of TCI state should be used as the default TCI state for aperiodic CSI-RS transmitted from only a single TRP.  
[bookmark: _Toc71654675]If at least one TCI codepoint indicates two TCI states, 
· [bookmark: _Toc71654676]If enableTwoDefaultTCIStates is configured, the default TCI for aperiodic CSI-RS is one of the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states
· [bookmark: _Toc71654677]If enableTwoDefaultTCIStates is not configured, the default TCI for aperiodic CSI-RS is one of two TCI states activated for a CORESET determined according to Rel-15 rules. 

In case of Rel-17 SFN PDSCH, for CSI feedback purpose SFN CSI-RS may be used. However, there are some issues related to this kind of CSI feedback. In general, how to do CSI feedback for Rel-17 SFN PDSCH with more than 2 antenna ports per TRP needs further study. 
As for sTRP PUCCH/SRS without spatial relation and pathloss reference RS configured, or PUSCH scheduled by DCI format 0_0, they are sent to one TRP. Therefore, the default spatial relation should be a spatial relation with a reference to the RS configured with qcl-Type set to 'typeD' corresponding to the QCL assumption of one of two TCI states activated for the CORESET with the lowest controlResourceSetId in the active DL BWP of the same CC.  
[bookmark: _Toc71654678]For sTRP PUCCH/SRS or PUSCH scheduled by DCI format 0_0, the default spatial relation is according to one of two TCI states activated for a CORESET determined by the Rel-15 rules.
For Rel-17mTRP PUCCH/SRS, it is unclear if they are allowed to be configured without both spatial relations and pathloss reference RS.  Therefore, it seems to be a bit too early to discuss any default spatial relations. 
[bookmark: _Toc71654679]For Rel-17 mTRP PUCCH/SRS, any default spatial relations should be discussed after a decision is made on whether they can be configured without spatial relations and pathloss reference RS.


2.2.3 BFD Resource
When a CORESET is activated with two TCI states, an open question is which TCI state the UE should use for determining the BFD-RS.  Note that the SFN scheme is essentially a single-DCI based multi-TRP scheme since the same DCI is transmitted from two TRPs in SFN fashion.  If implicit per-TRP BFD-RS configuration is not supported for single-DCI based multi-TRP in Rel-17, then there will be only a single BFD-RS set.  A simple solution is to let the UE assume that the reference signals used as QCL sources (if each TCI state contains two reference signal, the UE will utilize the QCL-TypeD RS) in the two activated TCI states for the CORESET can be used as BFD-RSs in the single BFD-RS set.  As shown in the example of Figure 2, the QCL source reference signal with CSI-RS resource IDx (or SSB IDx) corresponding to the 1st activated TCI state and QCL source reference signal with CSI-RS resource IDy (or SSB IDy) corresponding to the 2nd activated TCI state shall be included by the UE in the beam failure detection resource set .   
[bookmark: _Toc68486084][bookmark: _Toc71654680]When two TCI states are activated for a CORESET, support inclusion of reference signals used as QCL sources in the two activated TCI states as BFD-RSs in the single BFD-RS set . If the activated TCI states contains two reference signals, the UE will use the reference signals configured with QCL-TypeD


[image: ]

[bookmark: _Ref71653244]Figure 2.  An example of BFD resource determination with single BFD resource set when CORESET is configured for SFN-based PDCCH diversity

2.3 gNB Pre-compensation Solution
2.3.1 QCL type
In RAN1#103e meeting [2], 4 variations of TCI association with DMRS of PDCCH and PDSCH with downlink reference were proposed, among these variants, 
· Variant A: One of the TCI state can be associated with {average delay, delay spread} and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant B: One of the TCI state can be associated with {average delay, delay spread} and another TCI state with {Doppler shift, Doppler spread} (i.e., QCL-TypeB)
· Variant C: One of the TCI state can be associated with {delay spread}  and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant E: Both TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)









Variants A, B and C are for supporting pre-compensation based HST-SFN enhancements in which TRS is not pre-compensated while an associated PDSCH is.  In Variant A, the Doppler shift and spread are derived from one TRS while the average delay and delay spread are derived from either one of or both TRS’. In Variant B, the Doppler shift and spread are derived from one TRS while the average delay and delay spread are derived from the other TRS. In Variance C, similar to Variant A, the delay spread is associated with both TRS.
QCL relation between a PDSCH DMRS and a DL RS is used to help perform channel filtering in both time and frequency domain. Figure 3 illustrates the frequency and time domain channels experienced by PDSCH, with and without pre-compensation, and by the TRS transmitted from two TRPs.  For TRS, two scenarios are shown. In a first scenario, separated TRS are transmitted from each TRP. In a second scenario, TRS1 is transmitted from TRP1 only while TRS2 is transmitted from both TRPs in a SFN manner. 
In case of separate TRS per TRP, it can be seen that TRS1 has the same Doppler frequency as the pre-compensated PDSCH, but not exactly the same for Doppler spread if the Doppler spread from TRP2 is different from TRP1. In the time domain, each TRS represent part of the time domain channel experienced by the PDSCH.  Therefore, the UE can determine the Doppler shift based on TRS1, Doppler spread based on both TRS1 and TRS 2, average time and delay spread based on both TRS 1 and TRS 2.  This corresponds to using TRS1 for {Doppler shift/spread, average delay and delay spread} (i.e., QCL type A), and TRS2 for {Doppler spread, average delay and delay spread}, which doesn’t correspond to any QCL type.  If we assume that the two TRPs have the same Doppler spread, then it may be estimated based on only TRS1, then TRS2 may be used for {average delay and delay spread}.   This corresponds to variant A.
[bookmark: _Toc71654655]In case of separate TRS per TRP and if a same Doppler spread is assumed from two TRPs, then variant A can be used. 
In case that one TRS is transmitted over both TRPs,  it can be seen that again, TRS1 has the same Doppler frequency as the pre-compensated PDSCH, but not exactly the same for Doppler spread if the Doppler spread from TRP2 is different from TRP1. In the time domain, TRS 2 has the same average delay and delay spread as the PDSCH.  Therefore, the UE can determine the Doppler shift based on TRS1, Doppler spread based on both TRS1 (even though it is not exactly the same as PDSCH), average time and delay spread based on TRS 2. This corresponds to using TRS1 for {Doppler shift/spread} (i.e., QCL type B), and TRS2 for {average delay and delay spread}. This corresponds to variant B.
[bookmark: _Toc71654656]In case that one TRS is transmitted with SFN and if a same Doppler spread is assumed from two TRPs, then variant B can be used. 

In Variant C, average delay, Doppler shift and Doppler spread would be determined based one TRS while delay spread is based two TRS.  From Figure 3, it can be seen that the average delay depends on delays from both TRPs unless the two TRPs have the exact same delay to the UE. Therefore, Variant C has one more assumption comparing to Variant A. 
Form the above discussion, we can see that for different TRS transmission schemes, different variants are needed with certain assumptions such as about Doppler spread or average delay difference between the two TRPs.  
[bookmark: _Toc71654657]Which variant to support also depends on how TRSs are transmitted. 

[image: ]
[bookmark: _Ref71463018][bookmark: _Ref71462933]Figure 3 Frequency and time domain illustration of Variant A and Variant B
[bookmark: _Toc71654658]Both variants A and B match the time domain properties of the pre-compensated PDSCH.
[bookmark: _Toc71654659]Both variants A and B are approximations of the frequency domain properties of the pre-compensated PDSCH, i.e., with ideal pre-compensation and assuming same Doppler spread from two TRPs.
[bookmark: _Toc71654660]Variant A and Variant B require the same spec change, i.e., introducing a new QCL type: {average delay, delay spread} 
[bookmark: _Toc71654681]Introduce a new QCL type {average delay, delay spread} for TRP pre-compensation scheme
2.3.2 Anchoring DL RS for UL Frequency
Based on the agreement 1 from RAN#102e meeting, two options may be considered depending on whether the Doppler frequency is estimated at the gNB (Option 1) or at the UE (option 2).  In both options, it is vaguely assumed that multiple TRS are transmitted from multiple TRPs. However, different TRS transmission schemes were proposed.
In one option, it is assumed that a separate TRS is transmitted from each TRP and the TRS is not pre-compensated.   A UE derives DL frequency from one of the TRSs for UL transmissions to both TRPs,  the gNB measures the UL frequency difference between two TRPs based one a UL signal and pre-compensate DL frequency for one of the TRPs such that from UE perspective, a same DL frequency is observed from both TRPs. This is illustrated in Figure 4.  In this case, the UE can use any one of the TRSs to derive frequency for UL transmission. The gNB doesn’t need to know which TRS was used for the purpose at the UE.  The benefit is that UE can make decision based on, for example, the received RSRP and the strongest TRS can always be used for better estimation reliability and accuracy.
[bookmark: _Toc71654661]With separate TRS per TRP and PDSCH over one TRP is pre-compensated, more reliable and accurate frequency estimation can be achieved by letting UE to select the TRS for deriving UL frequency.
The drawback of this option is that for supporting legacy SFN UEs, a third SFNed TRS is needed. 
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[bookmark: _Ref71653665]Figure 4: Doppler pre-compensation with separate TRS per TRP. 
In another option, it is assumed that a first TRS is transmitted over one TRP, and a second TRPs is transmitted over two TRPs in a SFN manner. This is illustrated in Figure 5. A UE can derive the DL frequency from one of the two TRS and use it for UL transmissions to both TRPs.  The gNB measures the UL frequency difference between two TRPs based on a UL signal and pre-compensate DL frequency for one of the TRPs such that from UE perspective, a same DL frequency is observed from both TRPs.  If the UE use the SFNed TRS for frequency estimation, the estimated frequency would be a value between the two received DL frequencies from the two TRPs, depending on the relative received signal power from the two TRPs. It should work as long as the estimation is stable, the absolute value is not important as only the UL frequency difference between the two TRPs would be used for the pre-compensation.
[bookmark: _Toc71654662]With a first TRS over one TRP and a second SFNed TRS over both TRPs, it is still possible to let the UE to select the TRS for deriving UL frequency.
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[bookmark: _Ref71653760]Figure 5: Doppler pre-compensation with a first TRS in one TRP and a second SFNed TRS over both TRPs.
Based on the above observations, we have the following proposal:
[bookmark: _Toc71654682]For gNB based Doppler pre-compensation, there is no need to indicate a DL RS to a UE as a source RS for deriving the UL frequency.


2.3.3 Other measurement related issue
Option 1 in the agreement 1 in the Appendix from RAN1#102e meeting relies on gNB to estimate the doppler shift based on a UL signal for each UE served by the gNB. For a train with many passengers, option 1 costs large amount of UL resources and may not 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 can be heavy. In addition, as observed in our evaluation, pre-compensation is slightly better than DPS only at very low SNR. How reliable/accurate Doppler estimation can be achieved based on a UL signal at very low SNR may need to be further investigated. 
It is important to note that the doppler estimation in the pre-compensation simulation is based on ideal assumptions, i.e., the gNB can accurately estimate the UL frequency difference between the two TRPs. In case of real implementation, different LOs are typically used in the two TRPs and the associated frequency difference cannot be compensated.  In addition, the frequency estimation accuracy depends on the SNR of the UL signal, the same level of accuracy of the doppler shift may be difficult to achieve and the performance of pre-compensation will degrade in practice. 
It shall also be noted that in our simulation[3], two cross-polarized antennas were used at each TRP, only co-phasing is applied based on a SFNed PMI feedback.  In case that there are more than 2 antennas at each TRP, precoding at each TRP also involves beam steering, assuming a common PMI at the UE based on SFNed CSI-RS doesn’t make sense anymore.   Using precoder cycling is possible but there would be a CQI mismatch between what was assumed at the UE in calculating the CQI and what was actually being applied at the gNB.  In addition, in case of HST, short-term channel property changes quickly and co-phasing is no longer adequate.  Therefore, how to achieve more accurate CSI feedback in HST-SFN in general needs some further study. 
[bookmark: _Toc71654663]The performance gain achieved by pre-compensation relies on accurate doppler shift estimation at gNB and reported CSI from UE. How to achieve both needs further study.

UL signals, including PUCCH, PUSCH and SRS, can be configured and scheduled by gNB to derive the experienced doppler shift from the UE. However, the accuracy of frequency offset estimation based on PUCCH is unclear. Estimating based on PUSCH may be more reliable than PUCCH, however that solution come with a cost of constant scheduling of PUSCH for that UE even when there’s no uplink data in the data buffer. For HST network with many connected UEs, the solution exhausting PDCCH and PUSCH resources cannot be applied for commercial deployment
[bookmark: _Toc71654664]PUSCH based doppler estimation exhausting PDCCH and PUSCH resources when there’re many users in the network.
A more practical solution is to configure SRS and derive the frequency offset based on received SRS. The current SRS configuration is not designed for the purpose of doppler estimation, further enhancement may be needed in the HST scenario. If periodic SRS is configured, in order to increase number of supported UEs, SRS periodicity need to increase accordingly which can lead to inadequate estimation.
[bookmark: _Toc71654665]Doppler estimation based on SRS may need further study.





2.4 TA Adjustment
Comparing to the throughput performance that is being evaluated and discussed intensively in Rel-17, we would like to bring up another issue that is stumbling the HST deployment, which is the issue with TA adjustment. 
The TA adjustment scheme specified as “gradual timing adjustment” in 38.133 is not sufficient to support the HST deployment. In HST scenario, uplink timing relies on the timing advance command (TAC) being sent via MAC CE to UE for adjusting the uplink transmit timing. For each UE connected to gNB, its uplink transmit timing need to be adjusted very frequently such that the uplink signal arrives to gNB within the time frame of uplink detection window. Updating the TA via MAC CE consumes both PDCCH and PDSCH resources. Considering a Shinkansen train with 1323 passengers moving at a speed of 300 km/h and passes by a new TRP per 8 seconds, updating TA for each UE impacts the PDCCH capacity and the overall system performance. In a real network where discontinuous reception (DRX) is typically enabled, the issue with TA gets even worse. The timing UE maintained at the beginning of a DRX period will get shifted rapidly that the timing misalignment may exceed the cyclic prefix when there’s no active traffic during several DRX cycles. For a high loaded network that a TAC can’t get sent to UE on the short DRX inactivity time, UE may frequently lose the uplink synchronization and have to perform random access to get resynchronized. 
[bookmark: _Toc71654666]Using “gradual timing adjustment” scheme for TA adjustment is not sufficient for HST scenario.
There is another TA scheme being once specified in 38.133-g20 as “one shot timing adjustment”, where UE adjust its transmitting time autonomously based on the received downlink signal. For HST deployment supporting of this scheme would resolve the issue of TA adjustment as the TA is maintained autonomously by UE at receiving downlink signals. Unfortunately, that scheme has been removed later from 38.133 as companies could not getting converged on the TBD values. It is not clear if any progress can be made within Rel-17 timeframe.
[bookmark: _Toc71654667]The “one shot timing adjustment” TA scheme is a preferred solution for HST, however the RAN4 progress is not predictable.

[bookmark: _Toc71654683]Study TA issue in HST scenario in RAN1.
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3. Conclusion
In this paper, we have evaluated and discussed various enhancements for HST-SFN. we have made the following observations: 
Observation 1	To report DL frequency difference between two TRPs, 7 or 10 bits are enough for FR1 with 20Hz frequency resolution.
Observation 2	The overhead for doppler shift report is small (less than 5% overhead for 100 UEs in a 10 MHz bandwidth with 20 ms reporting periodicity and less than 0.1 code rate).
Observation 3	Large Doppler changes (about 25Hz /10ms maximum) occur only when the UE is close to a TRP (i.e., <50meters), a scenario where signals received from a single TRP dominate and SFN with pre-compensation is less critical.
Observation 4	Doppler frequency changes very slowly, i.e., a few Hz per 10ms, when the UE is away from a TRP (i.e., >100meters).  Therefore, there is no need for frequent Doppler reporting.
Observation 5	Doppler frequency report can be easily supported by the existing CSI framework with some minor changes.
Observation 6	Additional RRC parameter is not needed on top of MAC CE activation of CORESET with 2 TCI states to indicated SFN PDCCH.
Observation 7	In case of separate TRS per TRP and if a same Doppler spread is assumed from two TRPs, then variant A can be used.
Observation 8	In case that one TRS is transmitted with SFN and if a same Doppler spread is assumed from two TRPs, then variant B can be used.
Observation 9	Which variant to support also depends on how TRSs are transmitted.
Observation 10	Both variants A and B match the time domain properties of the pre-compensated PDSCH.
Observation 11	Both variants A and B are approximations of the frequency domain properties of the pre-compensated PDSCH, i.e., with ideal pre-compensation and assuming same Doppler spread from two TRPs.
Observation 12	Variant A and Variant B require the same spec change, i.e., introducing a new QCL type: {average delay, delay spread}
Observation 13	With separate TRS per TRP and PDSCH over one TRP is pre-compensated, more reliable and accurate frequency estimation can be achieved by letting UE to select the TRS for deriving UL frequency.
Observation 14	With a first TRS over one TRP and a second SFNed TRS over both TRPs, it is still possible to let the UE to select the TRS for deriving UL frequency.
Observation 15	The performance gain achieved by pre-compensation relies on accurate doppler shift estimation at gNB and reported CSI from UE. How to achieve both needs further study.
Observation 16	PUSCH based doppler estimation exhausting PDCCH and PUSCH resources when there’re many users in the network.
Observation 17	Doppler estimation based on SRS may need further study.
Observation 18	Using “gradual timing adjustment” scheme for TA adjustment is not sufficient for HST scenario.
Observation 19	The “one shot timing adjustment” TA scheme is a preferred solution for HST, however the RAN4 progress is not predictable.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Support DL RS based UE reporting of DL frequency difference between two TRPs. FFS: other details
Proposal 2	If no TCI codepoint indicate two TCI states, the default TCI is one of two TCI states activated for a CORESET determined according to Rel-15 rules
	FFS: the 1st or 2nd TCI state
Proposal 3	If at least one TCI codepoint indicates two TCI states,
	If enableTwoDefaultTCIStates is configured, the default TCIs for PDSCH are the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states
	If enableTwoDefaultTCIStates is not configured, the default TCI for PDSCH is one of two TCI states activated for a CORESET determined according to Rel-15 rules.
Proposal 4	If Rel-17 SFN PDSCH is configured, the default TCIs are the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
Proposal 5	If at least one TCI codepoint indicates two TCI states,
	If enableTwoDefaultTCIStates is configured, the default TCI for aperiodic CSI-RS is one of the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states
	If enableTwoDefaultTCIStates is not configured, the default TCI for aperiodic CSI-RS is one of two TCI states activated for a CORESET determined according to Rel-15 rules.
Proposal 6	For sTRP PUCCH/SRS or PUSCH scheduled by DCI format 0_0, the default spatial relation is according to one of two TCI states activated for a CORESET determined by the Rel-15 rules.
Proposal 7	For Rel-17 mTRP PUCCH/SRS, any default spatial relations should be discussed after a decision is made on whether they can be configured without spatial relations and pathloss reference RS.
Proposal 8	When two TCI states are activated for a CORESET, support inclusion of reference signals used as QCL sources in the two activated TCI states as BFD-RSs in the single BFD-RS set . If the activated TCI states contains two reference signals, the UE will use the reference signals configured with QCL-TypeD
Proposal 9	Introduce a new QCL type {average delay, delay spread} for TRP pre-compensation scheme
Proposal 10	For gNB based Doppler pre-compensation, there is no need to indicate a DL RS to a UE as a source RS for deriving the UL frequency.
Proposal 11	Study TA issue in HST scenario in RAN1.
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5. Appendix: (Summary of the agreements)
The agreements made in RAN1#102e, RAN1#103e and RAN1#104e meetings are provided below. 
RAN1#102-e meeting agreements
	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
· [bookmark: _Hlk54616834]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
[bookmark: _Ref71551457]agreement 1
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
· Signalling/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



RAN1#103-e meeting
	Agreement
Support at least the following configuration for HST scenario in Rel-17
· The same DMRS port(s) can associate with multiple TCI states
· FFS other details 
Note: DMRS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner

Agreement
At most two TCI states are supported for HST scenario in Rel-17
· FFS: Whether to support more than two TCI states for FR2
· FFS configuration/signalling details of the TCI states
Note: DMRS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner

Agreement
When the same DMRS port(s) are associated with two TCI states containing TRS as source reference signal, at least one variant is supported for Rel-17 HST-SFN scenario based on further evaluations
· Variant A: One of the TCI state can be associated with {average delay, delay spread} and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant B: One of the TCI state can be associated with {average delay, delay spread} and another TCI state with {Doppler shift, Doppler spread} (i.e., QCL-TypeB)
· Variant C: One of the TCI state can be associated with {delay spread}  and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant E: Both TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· FFS: Indication method to apply QCL, e.g., via new QCL-type, or reuse existing QCL-type while UE to ignore certain QCL properties
· Note: Each TCI state in the above variants may be additionally associated with {Spatial Rx parameter} (i.e., QCL-TypeD)
· Note: Companies are encouraged to provide evaluation results for the above variants based on agreed EVM from RAN1#102e meeting
· Note: Above variants are applicable to scheme 1 and/or TRP based pre-compensation as a reference for evaluation.
· This agreement is for the purpose of evaluation and does not imply the support or lack of support of scheme 1 and/or TRP based pre-compensation



	Agreement
For PDCCH reliability enhancements, support SFN scheme + Alt 1-1.
· FFS: TCI state activation for CORESET, impact on default beam, BFD resource for BFR

Where the Alt 1-1 is agreed as:
[bookmark: _Hlk62178828]Alt 1-1: One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET.



RAN1#104-e meeting
	Agreement
Scheme 1 is supported in Rel-17 
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
· FFS other details
 
Agreement
For scheme 1 and SFN transmission of PDCCH support Variant E for QCL assumption in TCI state when TRS is used as source RS
 
Agreement
Two TCI states are supported for scheme 1 in FR2

Agreement
· Support MAC CE activation of two TCI states for PDCCH
· FFS other details

Conclusion
The decision on support of specification based TRP pre-compensation scheme for HST-SFN scenario to be made in RAN1#104-e-bis meeting. To facilitate RAN1 decision, companies are encouraged to provide evaluation results according to the agreed evaluation assumptions. The evaluations not compliant with agreed assumptions will not be considered by RAN1 in the decision process.

Agreement
For HST-SFN scenario:
· Support semi-static (RRC based) switching of scheme 1 (PDSCH) with 2a, 2b, 3, 4
· FFS all other details including RRC signaling, possible RAN4 impact (if any), etc.
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