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Introduction
In RAN1#104-e, a few agreements were made for HST-SFN deployment enhancements to help down select the supported schemes and identify the corresponding QCL assumptions associated with these schemes. In this contribution we provide our views on these HST-SFN deployment proposals, more specifically we discuss the offset frequency pre-compensation mechanism to be supported along with Scheme 1 and Scheme 2 (if supported). We also address the TCI state assumptions for the aforementioned schemes. Additionally, PDCCH enhancements for multi-TRP SFN scenarios are discussed.
HST-SFN Deployment
In RAN1#104-e [1], the following agreements were made for HST-SFN deployment:
	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.



UE-based Solutions
[bookmark: _Hlk67926200]Switching between HST-SFN Scheme 1 and Legacy Schemes
In RAN1#104e [1], it was agreed that RRC switching would be supported between HST-SFN Scheme 1 and multi-TRP repetition schemes including Scheme 2a/2b/3/4. However, no consensus was reached on the method of switching to/from SDM Scheme 1a or single-TRP scheme. In the sequel we provide our views on the method of switching from HST-SFN Scheme 1 to/from either of the two aforementioned schemes.
[image: ]
[bookmark: _Ref68604622]Figure 1. HST deployment with a series of RRHs along the railway
Switching between HST-SFN Scheme 1 and SDM Scheme 1a
In RAN1#104e [1], it was discussed whether dynamic switching between HST-SFN Scheme 1 and SDM Scheme 1a should be supported. To the best of our knowledge, it is not clear whether there are significant gains that stem from such dynamic switching, especially that no simulation or technical analysis has been provided that motivate the preference of dynamic switching over semi-static switching. Note that one of the main discrepancies between HST-SFN Scheme 1 and Scheme 1a is that in the former scheme the UE can track up to two TRSs and hence estimate two distinct Doppler shift values at high speed, and hence SDM Scheme 1a may be useful in the case where the train is centered between two TRPs and moving with low speed such that one TRS would suffice to estimate the Doppler shift, as shown in Figure 1. Looking into the approximate Doppler shift equation below

where v, c are the train velocity and speed of light, respectively. Given the train braking mechanism, it can take several seconds for a train at speed 360 km/h to reach half of that speed [2]. A similar limitation in train speed change is expected on start of train movement for safety and stability reasons. The lack of abrupt speed variations imply that the Doppler shift value change would also be slow. Hence, even if switching to/from SDM Scheme 1a from/to HST SFN Scheme 1 is advantageous, dynamic switching is not justified. In light of that, we support semi-static switching between both HST-SFN Scheme 1 and SDM Scheme 1a. 
1. No clear justification to support dynamic switching between HST-SFN Scheme 1 and SDM Scheme 1a.
1. Support semi-static switching between HST-SFN Scheme 1 and SDM Scheme 1a. 

Switching between HST-SFN Scheme 1 and single-TRP Scheme
Regarding switching between HST-SFN Scheme 1 and single-TRP scheme, dynamic switching can be justified since the network may need to abruptly fall back from HST-SFN Scheme 1 to single-TRP scheme due to resource limitations. From a high-level perspective, switching from HST-SFN Scheme 1 to single-TRP transmission can be made transparent, e.g., if the UE only tracks one TRS only in case the second TRS is not received with sufficient power. Companies should discuss the feasibility of transparent switching, and whether explicit dynamic switching is needed.
1. The network may need to dynamically switch between single-TRP mode and HST-SFN Scheme 1.
1. Companies should discuss the feasibility of transparent switching from HST-SFN Scheme 1 to single-TRP Scheme in case dynamic switching is needed.
[bookmark: _Hlk67964503]In our opinion, switching between schemes should be discussed after a complete picture of supported schemes for HST-SFN is agreed, and after more details are finalized regarding HST-SFN Scheme 1, e.g., number of configured CDM groups for DMRS layers.
1. Defer the decision on switching between HST-SFN Scheme 1 with single-TRP scheme after a complete picture of supported schemes for HST-SFN is agreed, and after more details are finalized regarding HST-SFN Scheme. 

Support of Scheme 2
In RAN1#103e [3], it was argued that the proposed HST-SFN Scheme 2 with non-SFNed DMRS has larger overhead since each PDSCH layer may be mapped to multiple DMRS ports due to per-TRP DMRS transmission assumed. Here we propose a variant of Scheme 2 with no additional DMRS overhead, with roughly the same order of complexity as Scheme 1. 
[image: ]
[bookmark: _Ref61888935]Figure 2: DMRS configuration across two RBs. Symbols in orange, green are transmitted from TRP1 and TRP2, respectively.  (a) DMRS symbols transmitted in FDM fashion across RBs. (b) DMRS symbols transmitted in FDM fashion within one RB
The proposed scheme adopts TRP-specific DMRS transmission, however one DMRS port is mapped to each layer, where the DMRS symbols of each port are partitioned across the two TRPs in FDM fashion. An example of a Type-2 single-symbol DMRS configuration is shown in Figure 2, where the DMRS symbols corresponding to one DMRS port are FDMed from both TRPs in FDM fashion across alternating RBs, as shown in Figure 2 (a), or across alternating DMRS symbols within one RB, in Figure 2 (b). This approach resembles FDM Scheme 2a under multi-TRP transmission, however only the DMRS symbols are FDMed, whereas the PDSCH symbols would still be transmitted in SFN manner. Under reasonable delay spread, the proposed DMRS transmission scheme is expected to have marginal impact on performance, compared with transmitting two DMRS ports per PDSCH layer. 
1. Non-SFN DMRS transmission can be achieved with one-to-one PDSCH DMRS to layer mapping with FDM transmission of DMRS from both TRPs.
1. Further study different variants of Scheme 2 for Rel. 16 HST-SFN with non-SFN DMRS transmission.

Offset frequency pre-compensation scheme
In RAN1#104-e [1], it was concluded that a decision should be made on supporting network-based solutions for HST-SFN, where an offset frequency pre-compensation approach is adopted based on the Doppler shift observed by the TRS in downlink and the SRS in uplink. Here, we discuss two variants of the offset frequency pre-compensation scheme, with Variant A as follows
	[bookmark: _Hlk61880327]Step 1:
TRP 1 transmits TRS0 at carrier frequency fc
Step 2: 
· UE receives TRS0 at frequency fc+fd1, where fd1 is the Doppler shift incurred by channel from TRP 1. 
· UE transmits SRS at a frequency based on TRS0 with carrier frequency fc+fd1 
Step 3:
· TRP 1 and TRP 2 receive SRS at frequencies fr1 =fc+2fd1 and fr2 =fc+fd1+fd2, respectively, where fd2 is the Doppler shift incurred by channel from TRP 2
· A centralized node, e.g., gNB computes the delta frequency shift ∆fr between the received SRS at TRP1 and TRP2 respectively, so that ∆fr = fd1 - fd2 
· TRP 1 and TRP 2 transmit DMRS0 at frequencies ft1 =fc and ft2 =fc+∆fr, respectively


[bookmark: _Ref61879533]Figure 3: Variant A of the offset frequency pre-compensation scheme for HST-SFN
A second variant (Variant B) of the offset frequency pre-compensation scheme is as follows
	Step 1:
· TRP 1 transmits TRS0 at carrier frequency fc
· TRP 2 transmits TRS1 at carrier frequency fc
Step 2: 
· UE receives TRS0 and TRS1 at frequencies fc+fd1 and fc+fd2, respectively, where fdi is the Doppler shift incurred by channel from TRP i, where i=1,2. 
· UE transmits SRS at a frequency based on one of the two TRSs, e.g., based on TRS0 with carrier frequency fc+fd1 
Step 3:
· TRP 1 and TRP 2 receive SRS at frequencies fr1 =fc+2fd1 and fr2 =fc+fd1+fd2, respectively
· A centralized node, e.g., gNB computes the delta frequency shift ∆fr between the received SRS at TRP1 and TRP2 respectively, so that ∆fr = fd1 - fd2 
· TRP 1 and TRP 2 transmit DMRS0 at frequencies ft1 =fc and ft2 =fc+∆fr, respectively


[bookmark: _Ref61880689]Figure 4: Variant B of the offset frequency pre-compensation scheme for HST-SFN
As shown above, both variants of the offset frequency pre-compensation scheme can help align the receive frequency of the DMRS symbols transmitted from both TRPs to fc+fd1 from both TRPs, and hence would reduce the UE decoding complexity.  
1. The offset frequency pre-compensation can help align the DMRS symbols in frequency domain at the UE end.
Note that Variant B assumes non-SFN TRS transmission and SFN-based DMRS transmission, which falls along the same lines with HST-SFN Scheme 1. In addition, Variant B is expected to be more robust to carrier frequency offsets from sources other than the Doppler effect, since it takes into account the frequency shifts from both TRPs. Given that, we believe the offset frequency pre-compensation scheme should be configured as part of Scheme 1, and not necessarily as an alternative scheme.
1. Support the offset frequency pre-compensation scheme as a variant of Scheme 1 using similar configuration signaling.
Assuming Variant B of the offset frequency pre-compensation scheme is supported, the DMRS symbols received at the UE would be aligned in frequency with that of the TRS transmitted from one TRP, whereas the TRS from the other TRP would not be aligned with the DMRS, and hence cannot be QCLed with the DMRS for PDSCH. In light of that, one TRS corresponding to the TRP whose DMRS is not pre-compensated should be QCLed with ‘QCL-typeA’ with the DMRS for PDSCH, whereas the other TRS corresponding to the TRP whose DMRS is pre-compensated should not have a valid QCL relationship with the DMRS for PDSCH. 
1. For offset frequency pre-compensation scheme, only the non-compensated TRS is QCLed with ‘QCL-typeA’ with the DMRS for PDSCH.
PDCCH enhancements for multi-TRP SFN deployment
In RAN1#104-e [1], it was agreed that two TCI states for PDCCH would be supported for HST-SFN, and that the two TCI states are activated via MAC CE. In the sequel, other aspects of PDCCH enhancements for multi-TRP SFN deployment scenarios are discussed.  
MAC CE activation of two TCI states for PDCCH
In Rel.15/16, the network indicates a TCI state for PDCCH reception for a CORESET of a serving cell from a list of TCI states via MAC CE, however only one TCI state ID is indicated for QCL. Since more than one TCI state is activated for HST-SFN, the current framework should be modified to support indication of two activated TCI states. It was agreed to support MAC CE activation of two TCI states for PDCCH in RAN1#104-e. Based on MAC CE activation mechanism defined in Rel.15/16, two possible enhanced schemes are proposed. One straightforward solution would be introducing an additional field in MAC CE for indicating another TCI state, where a new list of TCI states is configured by RRC signaling as candidates for indicating the second TCI state. Alternatively, an enhanced list of TCI states can be introduced by RRC signaling as candidates for indicating TCI states, where each codepoint in the list corresponds to two TCI states, and where one TCI state is associated with one TRP. The network may then indicate a TCI state pair by using a single TCI codepoint for PDCCH MAC CE. In light of that, we propose the following
1. Introduce enhanced MAC CE signaling with a new field for additional TCI state or enhanced RRC signaling configuring list of TCI states with two TCI states for each codepoint in the list to support MAC CE activating two TCI states for SFN-based PDCCH transmission.

Default TCI for PDSCH and aperiodic CSI-RS
Default beam(s) for PDSCH reception was supported in Rel-15 for single TRP scenario and further enhanced in Rel-16 for multi-TRP scenario. When the time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold, the UE may assume the TCI state of PDSCH is identical to the TCI states  for the CORESET with the lowest ControlResourceSetId in the latest slot. When the CORESET with the lowest ControlResourceSetId the UE monitored in the latest slot is activated with two TCI states, the TCI state corresponding to the PDSCH needs to be determined. If a UE only supports one default beam for PDSCH reception or the PDSCH is transmitted from a single TRP, then one TCI state needs to be determined. For example, the TCI state of a PDSCH may correspond to either the TCI state with a lower ID of the two TCI states, or the TCI state of a CORESET with lowest ID. Otherwise, the default TCI state of the PDSCH could follow the rule in Rel. 16 including default PDSCH TCI state determination based on whether the TCI codepoint activated by MAC-CE corresponds to two TCI states. Similarly, if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources is smaller than a threshold, and there is no other DL signal with an indicated TCI state in the same symbols as the CSI-RS, when the CORESET with the lowest ControlResourceSetId the UE monitored in the latest slot is activated with two TCI states, the TCI state of aperiodic CSI-RS also needs to be determined. The UE may apply one TCI state of the CORESET for the CSI-RS reception with a same rule as the default PDSCH reception.
If the PDSCH is scheduled by a DCI format with no TCI field present, and the time offset is equal to or greater than a threshold timeDurationForQCL, and the CORESET transmitting a DCI with no TCI field present is activated with two TCI states, the TCI state of the PDSCH also needs to be determined. If a UE can receive a PDSCH with different TCI states containing 'QCL-TypeD' simultaneously, and the DMRS ports indicated in DCI are in two CDM groups, the UE would assume the PDSCH transmitted in an NCJT manner and the PDSCH beam follows the both TCI states of the scheduling DCI. If a higher-layer parameter or the DCI indicate a URLLC transmission scheme, for example, DMRS ports indicated in DCI are in one CDM group and a UE is configured by with FDM 2a or 2b or TDM A or repetitionNumber-r16 in TDRA field is indicated, the UE may suppose the PDSCH is transmitted in an SDM/FDM/TDM manner from multi-TRP and the PDSCH beam also follows both TCI states of the scheduling DCI. Otherwise, if a UE cannot receive a PDSCH with different TCI states containing 'QCL-TypeD' simultaneously for NCJT or FDM scheme, the UE would assume the PDSCH transmitted from a single TRP and the PDSCH beam follows one of the TCI states of the scheduling DCI.
1. The default QCL assumption of a PDSCH/AP CSI-RS needs to be determined if the scheduling offset is smaller than a threshold and the CORESET with lowest ControlResourceSetId in the latest slot is activated with two TCI states.
1. The QCL assumption of a PDSCH needs to be determined if there is no TCI field in the scheduling DCI and the scheduling offset is larger than or equal to a threshold and the scheduling CORESET is activated with two TCI states.
1. The default QCL assumption of a PDSCH determination should consider the single-TRP or multi-TRP PDSCH transmission and the UE capability.
Default spatial relation for PUCCH/SRS/PUSCH
Default spatial relation and default PL-RS for SRS and dedicated PUCCH for the case when no spatialRelationInfo and pathlossReferenceRS are configured are specified in Rel. 16, as well as the default spatial relation and PL-RS for the PUSCH scheduled by DCI format 0_0. When default spatial relation and PL-RS are enabled and a CORESET is configured, default spatial relation for dedicated-PUCCH/SRS/PUSCH scheduled by DCI format 0_0 for a CC is determined by TCI state of the CORESET with the lowest ID, and the PL-RS to be used is the QCL-TypeD RS of the same TCI state of the CORESET with the lowest ID. In E-PDCCH scenario, when the CORESET with the lowest ID is activated with two TCI states, one of the two TCI states needs to be determined so that both the gNB and UE are in consensus regarding the default spatial relation and default PL-RS for UL channel/signals. The rule used for determining the TCI state could be the same as that used in determining the default TCI state for PDSCH/AP CSI-RS.
1. The default spatial relation and PL-RS for dedicated-PUCCH/SRS/PUSCH scheduled by DCI format 0_0 should be determined if the CORESET with lowest ControlResourceSetId is activated with two TCI states.
Beam failure recovery
For each BWP of a serving cell, the UE assesses the DL link quality of a serving cell based on the RS in a set  of periodic CSI-RSs in order to detect beam failure, where the UE compares the radio link quality in each CSI-RS in  to a radio-link quality threshold Qout_LR, corresponding to 10% BLER estimate for PDCCH transmission. For SFN-based PDCCH transmission with two activated TCI states, the threshold Qout_LR needs to be re-derived to correspond to SFN-based PDCCH transmission rather than a single-point PDCCH transmission, where two periodic CSI-RSs or SSBs with their TCI states corresponding PDCCH transmission may be required for estimating the radio link quality. Thus, pairs of RS/SSB can be configured in set , where each of the two elements in the RS/SSB pair correspond to one of the two TRPs. When the UE is not provided the set , the UE determines the set [image: ] including RS/SSB pairs with the same TCI states of respective CORESETs the UE uses for monitoring PDCCH with SFN based transmission.
1. Introduce CSI-RS resource pairs or SSB pairs as beam failure detection resources for SFN-based PDCCH transmission.
1. Use radio-link quality threshold Qout_LR corresponding to SFN-based PDCCH transmission for beam failure detection.
If beam failure is detected, new beams will be identified for beam failure recovery. Here, hypothetical PDCCH transmission for selecting new beam(s) may be correspond to single-TRP PDCCH transmission or PDCCH with SFN transmission, where one or two new beam(s) may be identified for later PDSCH/PDCCH transmission, respectively. Further details can be discussed and clarified. With two identified new beams for SFN-based PDCCH/PDSCH transmission, transmission reliability would improve at the expense of additional specification effort. Two possible solutions can be supported for identifying two new beams. In the first solution, two CSI-RS resource sets are configured, with one set corresponding to the new beam identifying each TRP. In the second solution, new beam identification resource pairs are used to identify new beams from multiple TRPs, where a new beam identification resource pair can be a CSI-RS resource pair, an SSB resource pair or a PRACH resource pair.
1. Introduce two new beam identification resource sets or new beam identification resource pairs to identify two new beams for SFN based PDCCH/PDSCH transmission.
Conclusion
This contribution addressed HST-SFN enhancements for NR Rel. 17. We have the following observations:
1. No clear justification to support dynamic switching between HST-SFN Scheme 1 and SDM Scheme 1a.
1. The network may need to dynamically switch between single-TRP mode and HST-SFN Scheme 1.
1. Companies should discuss the feasibility of transparent switching from HST-SFN Scheme 1 to single-TRP Scheme in case dynamic switching is needed.
1. Non-SFN DMRS transmission can be achieved with one-to-one PDSCH DMRS to layer mapping with FDM transmission of DMRS from both TRPs.
1. The offset frequency pre-compensation can help align the DMRS symbols in frequency domain at the UE end.
Based on the observations above, we have reached the following conclusions:
1. Support semi-static switching between HST-SFN Scheme 1 and SDM Scheme 1a.
1. Defer the decision on switching between HST-SFN Scheme 1 with single-TRP scheme after a complete picture of supported schemes for HST-SFN is agreed, and after more details are finalized regarding HST-SFN Scheme.
1. Further study different variants of Scheme 2 for Rel. 16 HST-SFN with non-SFN DMRS transmission.
1. Support the offset frequency pre-compensation scheme as a variant of Scheme 1 using similar configuration signaling.
1. For offset frequency pre-compensation scheme, only the non-compensated TRS is QCLed with ‘QCL-typeA’ with the DMRS for PDSCH.
1. Introduce enhanced MAC CE signaling with a new field for additional TCI state or enhanced RRC signaling configuring list of TCI states with two TCI states for each codepoint in the list to support MAC CE activating two TCI states for SFN-based PDCCH transmission.
1. The default QCL assumption of a PDSCH/AP CSI-RS needs to be determined if the scheduling offset is smaller than a threshold and the CORESET with lowest ControlResourceSetId in the latest slot is activated with two TCI states.
1. The QCL assumption of a PDSCH needs to be determined if there is no TCI field in the scheduling DCI and the scheduling offset is larger than or equal to a threshold and the scheduling CORESET is activated with two TCI states.
1. The default QCL assumption of a PDSCH determination should consider the single-TRP or multi-TRP PDSCH transmission and the UE capability.
1. The default spatial relation and PL-RS for dedicated-PUCCH/SRS/PUSCH scheduled by DCI format 0_0 should be determined if the CORESET with lowest ControlResourceSetId is activated with two TCI states.
1. Introduce CSI-RS resource pairs or SSB pairs as beam failure detection resources for SFN-based PDCCH transmission.
1. Use radio-link quality threshold Qout_LR corresponding to SFN-based PDCCH transmission for beam failure detection.
1. Introduce two new beam identification resource sets or new beam identification resource pairs to identify two new beams for SFN based PDCCH/PDSCH transmission.
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