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Introduction
In RAN1#103-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 possibility of a second scheme along with Scheme 1 for HST-SFN enhancements, as well as an 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#103-e [1], the following agreements were made for HST-SFN deployment:
	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



UE-based Solutions
Details of Scheme 1
In RAN1#103e, it was agreed to support Scheme 1 for HST-SFN deployments, in which one DMRS port can associate with multiple TCI states corresponding to different TRPs, and wherein the DMRS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner. Several details remain for Scheme 1, which we discuss below.
Indication of HST-SFN scheme
Several methods may be used for indication of HST-SFN scheme (at least for Scheme 1), including DCI signalling, MAC CE or RRC signalling. We believe RRC signalling would suffice for configuring Scheme 1, as no motivation appears for more dynamic configuration using DCI signalling, for example. 
1. RRC signaling is used for indication of Scheme 1 for Rel. 17 HST-SFN 

TCI state Indication
For HST-SFN (at least for FR1), one DMRS port can associate with two TCI states. Instead of adding a second TCI codepoint in the DCI, one codepoint can be used to indicate two TCI states in the DCI, so as to reduce the specification impact for supporting HST-SFN, as introduced in Rel. 16 multi-TRP enhancements.
1. One TCI codepoint in DCI is used to indicate two TCI states for Rel. 17 HST-SFN scheme 

QCL types for Scheme 1
For Scheme 1 of HST-SFN scheme, the DMRS and PDSCH/PDCCH are transmitted in SFN manner, however two TRSs are transmitted from two TRPs. For ease of exposition, if the channels from the UE to the first and second TRPs are denoted by H1 and H2, respectively, the channels on which each of the TRSs would be conveyed would be H1 and H2, whereas the channel on which the DMRS is conveyed would be a composite channel Hc≈H1+H2, which in turn leads to a composite Doppler spread of Hc, which depends on the Doppler characteristics of both H1, H2 and their underlying correlation. Thereby, one should proceed carefully with specifying the QCL type for TRSs with DMRS. In that regard, the Doppler shift estimated for either TRS is not the same as that of the DMRS. However, the definition of quasi co-location in Clause 4.4.1 of TS 38.211 [2] states that quasi co-location implies that the large-scale properties of a channel can be inferred from another channel, i.e., strict equality of the large-scale parameters is not conditioned. As mentioned, the Doppler characteristics incurred on the DMRS corresponding channel can be inferred from those of the channels corresponding to the TRSs, and hence Type-A QCL can still be used to depict the QCL relationship between the TRSs with the DMRS port.
1. Strict equality of large-scale parameters is not implied in quasi-colocation relation definition
1. Doppler characteristics of the channel on which DMRS is conveyed can be inferred from the Doppler characteristics of the both the channels on which the two TRSs are conveyed
1. Support Variant E for QCL indication of Scheme 1 

Support of Scheme 2
In RAN1#103e, it was argued that Scheme 2 (as described in RAN1#102e chairman notes) has larger overhead since each PDSCH layer may be mapped to multiple DMRS ports if the DMRS is transmitted in non-SFN manner. Although this observation is true, other variants of Scheme 2 may not require additional DMRS overhead, as follows.  One variant of Scheme 2 that achieves a reasonable tradeoff between performance and complexity is configuring the UE with two TRSs transmitted in a TRP-specific manner from both TRPs, which would enable estimating the Doppler shift from both TRPs. Note that only two TRSs suffice for all TRPs, since it is unlikely that more than two dominant TRPs (with respect to received SNR) will occur at the UE at any time. For instance, even-numbered RRHs would transmit TRS1 whereas odd-numbered RRHs would transmit TRS2, e.g., TRP0 (RRH0) and TRP2 (RRH2) in Figure 3 would utilize one TRS resource, whereas RRH1 and RRH3 would utilize another TRS resource. 
1. Support TRP-specific transmission of TRS resources 

[image: ]
Figure 1. HST deployment with a series of RRHs along the railway
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[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
For the DMRS transmission, TRP-specific DMRS transmission is a more convenient approach with better performance-complexity tradeoff compared with Scheme 1. However, instead of transmitting two DMRS ports per PDSCH layer and hence complicating the DMRS mapping with the PDSCH, one DMRS port can be used with the DMRS symbols being transmitted from 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 would be 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 mTRP transmission, however only the DMRS symbols are FDMed, whereas the PDSCH data 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. One DMRS port per PDSCH layer is transmitted from the two TRPs, with the DMRS symbols transmitted in FDM fashion from each TRP 
1. Support Scheme 2 for Rel. 16 HST-SFN, where the number of DMRS ports is still limited to one per PDSCH layer, however DMRS symbols are transmitted in non-SFN manner

Network-based Solutions
Offset frequency pre-compensation scheme
In RAN1#102e and RAN1#103e, network-based solutions for HST-SFN were also proposed, where an offset frequency pre-compensation approach is adopted to the DMRS and PDSCH/PDCCH based on the Doppler shift observed by the TRS in DL and the SRS in UL. Different variants of the offset frequency pre-compensation scheme have been discussed. A high-level explanation of one variant (Variant A) is 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
An alternative variant (Variant B), wherein non-SFN TRS transmission is utilized, 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
Clearly, both variants of the offset frequency pre-compensation schemes (Variant A and Variant B as explained in Figure 3 and Figure 4, respectively) would help align the receive frequency of the DMRS to fc+fd1 from both TRPs, and hence would reduce the UE decoding complexity. In light of that, we support the offset frequency pre-compensation scheme. 
1. The offset frequency pre-compensation can reduce the performance degradation due to the composite Doppler shifts from two TRPs, in addition to reducing the UE decoding complexity of DMRS
1. Support the offset frequency pre-compensation scheme, in which the DMRS and PDSCH/PDCCH is transmitted from one TRP with an induced offset in frequency based on the Doppler shift observed for the other TRP 
Note that Variant B of the offset frequency pre-compensation scheme in Figure 4 presumes non-SFN TRS transmission and SFN-based DMRS transmission, which falls along the same lines with Scheme 1 which was agreed in RAN1#103e meeting, whereas Variant A in Figure 3 can be used without the aid of a UE-based solution. However, Variant B has a significant advantage, since the offset frequency pre-compensation is robust to carrier frequency offsets from sources other than the Doppler effect. More specifically, combining the network-based solution with the UE-based solution would help achieve a better performance-complexity tradeoff point compared with either a standalone UE-based solution or a standalone network-based solution. Given that, we believe the offset frequency pre-compensation scheme should be configured as part of Scheme 1, and not as an alternative to Scheme 1.
1. Combining the network-based and UE-based solutions for HST-SFN scheme can help provide an efficient solution that is robust to carrier frequency offsets that results from sources other than the Doppler effect
1. The offset frequency pre-compensation scheme should be supported as part of Scheme 1 using the same configuration signaling

QCL types for the offset frequency pre-compensation scheme
As mentioned above, different variants of the offset frequency pre-compensation scheme may exist based on which RSs are transmitted with an offset frequency pre-compensation. Assuming Variant B of the offset frequency pre-compensation 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 respect to either ‘TypeA’, ‘TypeB’ or ‘TypeC’, since these QCL types include Doppler shift within the QCLed large-scale parameter. In light of that, variant A should be supported for the offset frequency pre-compensation scheme, in which the TRS corresponding to the TRP whose DMRS was not pre-compensated would correspond to QCL ‘typeA’, whereas the TRS corresponding to the TRP whose DMRS was pre-compensated would correspond to a new QCL type that does not include Doppler shift as a QCLed large-scale parameter. Since the frequency shift due to Doppler is negligible compared to the carrier frequency, the power delay profile should not be impacted, as discussed in Clause 7.6.5 of TR 38.901 [3]. In light of that, the new QCL type for the second TRP can include both the Average Delay and Delay spread as QCLed large-scale parameters.
1. The Delay spread is robust to robust to minor shifts in carrier frequency
1. Support Variant A for QCL types of the offset frequency pre-compensation scheme

Indication of the offset frequency pre-compensated TRS
Also, based on Variant B of the offset frequency pre-compensation scheme, the SRS transmitted from the UE would be transmitted with a frequency offset that corresponds to one of the two transmitted TRSs. For instance, the UE should strive to align the transmission frequency corresponding to the TRP with lower RSRP with that of the TRP with higher RSRP, i.e., the offset frequency pre-compensation is applied to the signal transmitted from the TRP with lower RSRP. Such approach would help reduce the impact of offset frequency pre-compensation errors on transmission, e.g., local oscillator errors, since the signal transmitted from the stronger TRP is not offset in frequency. One way to convey this information to the network is via the SRS configuration, in which the TRS ID corresponding to the weaker TRP would be indicated in the spatialRelationInfo in SRS configuration, implying that the spatial filter used for SRS transmission is the same as the spatial filter applied for receiving the TRS indicated in the spatialRelationInfo in SRS configuration. Note that such field exists in the spatialRelationInfo in SRS configuration, which is utilized for CSI acquisition in TDD systems, where the SRS applies the same spatial filter for transmission as the CSI-RS to ensure channel reciprocity.  
1. Applying the offset frequency pre-compensation to the transmitted signal from the TRP with lower RSRP can further improve the scheme robustness and enhance the performance
1. The offset frequency pre-compensated TRS is indicated via the SRS configuration
PDCCH enhancements for multi-TRP SFN deployment
In RAN1#103e, it was agreed that PDCCH enhancements for SFN would be supported and discussed under AI 8.1.2.4. Based on the discussion in AI 8.1.2.1, the SFN combined with Alt 1-1 is supported for PDCCH reliability enhancements, wherein for Alt.1-1, one CORESET has two active TCI states and one PDCCH is associated with both TCI states of the CORESET. In the sequel, some related aspects are discussed for enabling SFN-based PDCCH transmission with two active TCI states, which include the TCI state activation schemes,impact on beam failure recovery mechanism and default beam.  
In RAN1#103-e [1], the following agreement was made for PDCCH enhancements under multi-TRP SFN deployment:
	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


TCI state activation
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. One straightforward solution for this issue 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, where one TCI state is used per 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 have the following proposal
1. Introduce enhanced MAC CE and/or RRC signaling to support activating two TCI states for SFN based PDCCH transmission
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. Details for identifying new beams for beam failure recovery are FFS.
1. Introduce CSI-RS resource pairs or SSB pairs as beam failure detection resources for SFN based PDCCH transmission
Default beam for data transmission/reception for DL and UL in ePDCCH
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 a given threshold, the UE assumes the TCI state of the PDSCH is identical to the TCI state of the CORESET with the lowest ControlResourceSetId in the latest slot. If the CORESET with the lowest ControlResourceSetId monitored by the UE in the latest slot is activated with two TCI states, the TCI state of PDSCH needs to be determined. For example, the TCI state of a PDSCH could be the TCI state with a lower ID of the two TCI states or the TCI state of a CORESET with lowest ID activated only one TCI state. 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 UE may apply one TCI state of the CORESET for the CSI-RS reception with a same rule as the PDSCH reception. If the PDSCH is scheduled by a DCI format not having the TCI field present, and the time offset is equal to or greater than a threshold timeDurationForQCL, the UE assumes that the TCI state for the PDSCH is identical to the TCI state for the CORESET used for the PDCCH transmission. When the CORESET transmitting a DCI without TCI field present is activated with two TCI states, the TCI state of PDSCH need to be determined like the default TCI state of a PDSCH reception as above.
Single-DCI based multi-TRP PDSCH transmission is specified in Rel-16 for eMBB and URLLC transmission by mapping two different TCI states to one TCI codepoint. For a CORESET not configured tci-PresentInDCI or tci-PresentInDCIFormat1_2, there is no TCI field present in a DCI transmitted on the CORESET. However, if the CORESET is activated with two TCI states, the NCJT and URLLC schemes could also be supported by using the two TCI states of the CORESET even though the DCI has no TCI field. One advantage of supporting this feature is that it simultaneously saves some payload in DCI and maintains the high reliability of the scheduled PDSCH. Thereby it is beneficial to study how to support SDM/FDM/TDM based PDSCH scheduled by a DCI without TCI field.
1. The TCI state with a lower ID is considered the default QCL assumption of a PDSCH/AP CSI-RS if the CORESET with the lowest ID in the latest slot is activated with two TCI states
1. The TCI state with a lower ID is considered the QCL assumption of a PDSCH if there is no TCI field in the scheduling DCI and the scheduling CORESET is activated with two TCI states
[bookmark: OLE_LINK7]Default spatial relation and default PL-RS for SRS and dedicated PUCCH for the case when no spatialRelationInfo and pathlossReferenceRS are configured, as well as the default spatial relation and PL-RS for the PUSCH scheduled by DCI format 0_0 are specified in Rel-16. When default spatial and PL-RS is enabled and a CORESET is configured, the 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 need to be determined so that a gNB and a UE could concur on the default spatial relation and default PL-RS for UL channel/signals. The rule could be the same as in determination of default TCI state for PDSCH/AP CSI-RS.
1. The TCI state with a lower ID is considered the default spatial relation and PL-RS for dedicated-PUCCH/SRS/PUSCH scheduled by DCI format 0_0 if the CORESET with the lowest ControlResourceSetId is activated with two TCI states
Conclusion
This contribution addressed HST-SFN enhancements for NR Rel. 17. We have the following observations:
1. Strict equality of large-scale parameters is not implied in quasi-colocation relation definition
1. Doppler characteristics of the channel on which DMRS is conveyed can be inferred from the Doppler characteristics of the both the channels on which the two TRSs are conveyed
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 reduce the performance degradation due to the composite Doppler shifts from two TRPs, in addition to reducing the UE decoding complexity of DMRS
1. Combining the network-based and UE-based solutions for HST-SFN scheme can help provide an efficient solution that is robust to carrier frequency offsets that results from sources other than the Doppler effect
1. The Delay spread is robust to robust to minor shifts in carrier frequency
1. Applying the offset frequency pre-compensation to the transmitted signal from the TRP with lower RSRP can further improve the scheme robustness and enhance the performance
Based on the observations above, we have reached the following conclusions:
1. [bookmark: _GoBack]RRC signaling is used for indication of Scheme 1 for Rel. 17 HST-SFN
1. One TCI codepoint in DCI is used to indicate two TCI states for Rel. 17 HST-SFN scheme
1. Support Variant E for QCL indication of Scheme 1
1. Support TRP-specific transmission of TRS resources
1. One DMRS port per PDSCH layer is transmitted from the two TRPs, with the DMRS symbols transmitted in FDM fashion from each TRP
1. Support Scheme 2 for Rel. 16 HST-SFN, where the number of DMRS ports is still limited to one per PDSH layer, however DMRS symbols are transmitted in non-SFN manner
1. Support the offset frequency pre-compensation scheme, in which the DMRS and PDSCH/PDCCH is transmitted from one TRP with an induced offset in frequency based on the Doppler shift observed for the other TRP
1. The offset frequency pre-compensation scheme should be supported as part of Scheme 1 using the same configuration signaling
1. Support Variant A for QCL types of the offset frequency pre-compensation scheme
1. The offset frequency pre-compensated TRS is indicated via the SRS configuration
1. Introduce enhanced MAC CE and/or RRC signaling to support activating two TCI states for SFN based PDCCH transmission
1. Introduce CSI-RS resource pairs or SSB pairs as beam failure detection resources for SFN based PDCCH transmission
1. The TCI state with a lower ID is considered the default QCL assumption of a PDSCH/AP CSI-RS if the CORESET with the lowest ID in the latest slot is activated with two TCI states
1. The TCI state with a lower ID is considered the QCL assumption of a PDSCH if there is no TCI field in the scheduling DCI and the scheduling CORESET is activated with two TCI states
1. The TCI state with a lower ID is considered the default spatial relation and PL-RS for dedicated-PUCCH/SRS/PUSCH scheduled by DCI format 0_0 if the CORESET with the lowest ControlResourceSetId is activated with two TCI states
References

[1] 	3GPP TSG RAN WG1 #103-e, "Draft Meeting Report," Oct. 26- Nov. 13, 2020.
[2] 	3GPP TS 38.211, "Physical Channels and Modulation," June 2020.
[3] 	3GPP TR 38.901, "Study on channel model for frequencies from 0.5 to 100 GHz," Dec. 2017.


 

15
image3.wmf
0

q


image1.emf
 

0

RRH0 RRH1

RRH2 RRH3


image2.png
(b

(a)




