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Introduction
In RAN1#104bis-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 further details of the Doppler pre-compensation mechanism. We also address a few remaining details on HST Scheme 1 design. Additionally, PDCCH enhancements for multi-TRP SFN scenarios are discussed.
HST-SFN Deployment
In RAN1#104bis-e [1], the following agreements were made for HST-SFN deployment, as well as for PDCCH enhancements under SFN transmission:
	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



Doppler pre-compensation scheme
In RAN1#104bis-e, it was concluded that a network-based Doppler pre-compensation solution would be supported for Rel. 17, where the Doppler pre-compensation is based on either an uplink UL RS, e.g., SRS, or DL RS, e.g., TRS, which implies that the UE would report the Doppler shift value(s). 
UL RS-based Pre-compensation
Here, we discuss two variants of the uplink RS-based Doppler pre-compensation scheme, based on SRS. First, we present Pre-compensation Scheme A in Figure 1 as follows
	[bookmark: _Hlk61880327]Step 1:
TRP1 transmits TRS0 at carrier frequency fc
Step 2: 
· UE receives TRS0 at frequency fc+fd1  
· UE transmits SRS at a frequency based on TRS0 with transmit frequency fc+fd1 
Step 3:
· TRP1 and TRP2 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 
· TRP1 and TRP2 transmit DMRS0 at frequencies ft1 =fc and ft2 =fc+∆fr, respectively, which is expected to be received at frequency fc+fd1


[bookmark: _Ref61879533]Figure 1: Pre-compensation Scheme A for HST-SFN
A second variant (Pre-compensation Scheme B) in Figure 2 is as follows
	[bookmark: _Hlk71558297]Step 1:
· TRP1 transmits TRS0 at carrier frequency fc
· TRP2 transmits TRS1 at carrier frequency fc
Step 2: 
· UE receives TRS0 and TRS1 at frequencies fc+fd1 and fc+fd2, respectively
· 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:
· TRP1 and TRP2 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 
· TRP1 and TRP2 transmit DMRS0 at frequencies ft1 =fc and ft2 =fc+∆fr, respectively, which is expected to be received at frequency fc+fd1


[bookmark: _Ref61880689]Figure 2: Pre-compensation Scheme B for HST-SFN
Clearly, both variants of the offset frequency pre-compensation schemes would help align the receive frequency of the DMRS to fc+fd1 from both TRPs, and hence would reduce the UE decoding complexity. Note that under Pre-compensation Scheme B the TRS transmission is TRP-specific, which is similar to HST Scheme 1. On the other hand, under Pre-compensation Scheme A only one TRS is transmitted from one of the two TRPs. Clearly, Pre-compensation Scheme A is less complex, however, the TRS transmission mechanism of Pre-compensation Scheme B is more compatible with HST Scheme 1, which can facilitate switching between the two schemes, as well as open the door for sharing similar configuration parameters between both schemes. In light of that, we support a Doppler pre-compensation scheme with TRP-specific TRS transmission.
A network-based Doppler pre-compensation scheme with TRP-specific TRS transmission can be easily coupled with UE-based HST Scheme 1 and can provide more robustness against carrier frequency offsets compared with SFN-based TRS
1. Support the Doppler pre-compensation scheme with TRP-specific TRS transmission

QCL assumptions
Assuming Pre-compensation Scheme B (with TRP-specific TRS transmission) 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 with respect to Doppler characteristics. On the other hand, the delay characteristics of the channel can be inferred from both TRSs. 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 be QCLed with the DMRS for PDSCH with respect to ‘Average delay’ and ‘Delay spread’. This setup matches Variant A in the list of alternatives for QCL assumptions that was derived in RAN1#103-e [2]. 
1. Support Variant A for QCL assumptions of the Doppler pre-compensation scheme with TRP-specific TRS transmission
Also, it was discussed in RAN1#104bis-e whether new QCL type(s) should be introduced to support the QCL variants, e.g., Variant A, of the Doppler pre-compensation scheme, or alternatively support ‘QCL-typeA’ for both TRSs and drop a few large-scale fading properties, e.g., drop Doppler shift and Doppler spread from the QCL relation of one of the TRSs. In our opinion, the latter alternative can be confusing and would lead to inconsistency in QCL type definition, since both QCL type-B and QCL type-C can also be regarded as variants of ‘QCL-typeA’ with dropped large-scale fading properties, and hence it seems more systematic to follow the original QCL notion and define a new QCL type for each new combination of large-scale parameters, e.g., introduce ‘QCL-typeE’ for ‘Delay spread’ and ‘Average delay’ properties. Thereby, we support introducing a new ‘QCL-typeE’ that includes ‘Average delay, Delay spread’ properties. 
1. Introduce a new ‘QCL-typeE’ with ‘Average delay’ and ‘Delay spread’ properties for Doppler pre-compensation scheme

Backward-compatible Doppler pre-compensation scheme
A few companies have expressed their interest in supporting a backward compatible Doppler pre-compensation scheme to support legacy UEs. In order to achieve that, one straightforward approach would be transmitting at least one TRS in SFN manner, so that legacy UEs can only track this TRS. In light of that, at least two alternatives exist, which can be regarded as variants of Pre-compensation Scheme A and Pre-compensation Scheme B, as follows
Pre-compensation Scheme C: Can be considered a modified version of the Doppler pre-compensation scheme A that supports backward compatibility for legacy UEs, with two TRSs transmitted: the first TRS (TRS0) transmitted from one TRP only, as well as an additional TRS (TRS1) transmitted  in SFN manner from both TRPs, with details provided in Figure 3 as follows
	Step 1:
· TRP1 transmits TRS0 at carrier frequency fc
· Both TRP1 and TRP2 transmit TRS1 in SFN manner at carrier frequency fc
Step 2: 
· Legacy UE: tracks TRS1 only and ignores TRS0
· Rel. 17 UE: receives TRS0 at frequency fc+fd1, as well as TRS1 
· Rel. 17 UE: transmits SRS at a frequency based on TRS0, i.e., transmits SRS with frequency fc+fd1 
Step 3:
· TRP1 and TRP2 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 
· TRP1 and TRP2 transmit DMRS0 at frequencies ft1 =fc and ft2 =fc+∆fr, respectively, which is expected to be received at the Rel. 17 UE at frequency fc+fd1


[bookmark: _Ref71626445]Figure 3: Pre-compensation Scheme C for HST-SFN
Pre-compensation Scheme D: A similar mechanism of Pre-compensation Scheme B is used to support Rel. 17 UEs, with a third TRS transmitted in SFN manner from both TRPs in order to support legacy UEs. Under Pre-compensation Scheme D, Rel. 17 UEs would only track the two TRSs transmitted in TRP specific manner, whereas legacy UEs would only track the TRS that is transmitted in SFN manner. Details of Pre-compensation Scheme D are provided in Figure 4, as follows.
	[bookmark: _Hlk71630960]Step 1:
· TRP1 transmits TRS0 at carrier frequency fc
· TRP2 transmits TRS1 at carrier frequency fc
· Both TRP1 and TRP2 transmit TRS2 in SFN manner at carrier frequency fc
Step 2: 
· Legacy UE: receives TRS2 only and ignores TRS0, TRS1
· Rel. 17 UE: receives TRS0 and TRS1 at frequencies fc+fd1 and fc+fd2, respectively 
· Rel. 17 UE: 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:
· TRP1 and TRP2 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 
· TRP1 and TRP2 transmit DMRS0 at frequencies ft1 =fc and ft2 =fc+∆fr, respectively, which is expected to be received at the Rel. 17 UE at frequency fc+fd1


[bookmark: _Ref71626686]Figure 4: Pre-compensation Scheme D for HST-SFN
Note that although Pre-compensation Scheme D requires transmitting three TRSs, no UE should track more than two TRSs, i.e., Rel. 17 UEs would track the two TRP-specific TRSs and legacy UEs would track the SFN-based TRS. However, the switching between Pre-compensation Scheme C and HST Scheme 1 would be more challenging, since TRS transmission in HST Scheme 1 is TRP-specific, which is not compatible with TRS transmission with Pre-compensation Scheme C. 
Different alternatives exist for supporting network-based Doppler pre-compensation that supports both Rel. 17 UEs and legacy UEs, where the alternatives vary in terms of complexity and compatibility with HST Scheme 1
In our understanding, both Pre-compensation Scheme C and Pre-compensation Scheme D should achieve similar performance in theory. One advantage of Pre-compensation Scheme C is that it can help decouple the estimation of the Doppler-related and delay-rated large-scale fading parameters, such that the TRP-specific TRS (TRS0) is used to track the Doppler characteristics, whereas the SFNed TRS (TRS1) can be used to estimate the delay characteristics. On the other hand, Pre-compensation Scheme D has the advantage of better compatibility with HST Scheme 1 since both schemes share the same TRS transmission mechanism, which can help facilitate the switching between both schemes. In our opinion, dynamic switching between the pre-compensation scheme and HST Scheme 1 may be necessary: switching from pre-compensation scheme to HST Scheme 1 can be done in case the network has exhausted the SRS resources, whereas switching from HST Scheme 1 to pre-compensation scheme can be used when the UE fails to properly estimate the two Doppler shifts from the two TRPs. Therefore, we slightly prefer Pre-compensation Scheme D for network-based Doppler pre-compensation scheme with two TRSs transmitted in TRP-specific manner and one TRS transmitted in SFN manner.
1. Support Doppler pre-compensation scheme with two TRSs transmitted in TRP-specific manner to support Rel. 17 UEs and one TRS transmitted in SFN manner to support legacy UEs 

UE-based Doppler shift feedback
Based on the agreement in RAN1#104bis-e, companies are expected to down select for pre-compensation scheme between uplink RS-based Doppler estimation, e.g., with SRS, and downlink RS-based Doppler estimation, e.g., with TRS. The latter approach would require the UE to report one or more Doppler shift values as part of uplink feedback to the network, e.g., as part of a CSI report. Compared with uplink RS-based Doppler pre-compensation, UE-based Doppler estimation provides an explicit means of Doppler reporting. Note that the UE may report Doppler shift values based on TRSs from both TRPs, i.e., fd1, fd2, or alternatively report a difference of the two Doppler shift values, e.g., report ∆fr = fd1 - fd2. 
Under UE-based Doppler reporting for Doppler pre-compensation, a UE can report the difference of the Doppler shift values ∆fr ≜ fd1 - fd2 estimated from the transmitted TRSs
Also, note that downlink RS-based Doppler estimation requires that the TRSs are transmitted in a TRP-specific manner, similar to Pre-compensation Schemes B, D. The outline of such scheme is provided as Pre-compensation Scheme E in Figure 5 below, as follows
	Step 1:
· TRP1 transmits TRS0 at carrier frequency fc
· TRP2 transmits TRS1 at carrier frequency fc
· Both TRP1 and TRP2 transmit TRS2 in SFN manner at carrier frequency fc
Step 2: 
· Legacy UE: receives TRS2 only and ignores TRS0, TRS1
· Rel. 17 UE: receives TRS0 and TRS1 at frequencies fc+fd1 and fc+fd2, respectively 
· Rel. 17 UE: Estimates fr1≜ fc+fd1 and fr2≜ fc+fd2 from TRS0 and TRS1, respectively
· Rel. 17 UE: Reports ∆fr ≜fr1 - fr2 as part of a CSI Report
Step 3:
· A centralized node, e.g., gNB receives the CSI report including the quantity ∆fr ≈fd1 - fd2 
· TRP1 and TRP2 transmit DMRS0 at frequencies ft1 =fc and ft2 =fc+∆fr, respectively, which is expected to be received at the Rel. 17 UE at frequency fc+fd1


[bookmark: _Ref71631782] Figure 5: Pre-compensation Scheme D for HST-SFN
Similar to implicit Doppler estimation based on SRS, Doppler reporting can also help overcome the issue of offset frequency due to Doppler (or other sources). However, one major concern regarding the support of explicit Doppler reporting is the specification impact, which can include introducing new CSI report quantities, discussing the supporting CSI reporting time-domain behaviors, as well as UCI design for CSI reporting. Moreover, it is not clear whether/how Doppler feedback within CSI report can be discussed in parallel with CSI framework design for HST-SFN scheme. Given the limited number of TUs remaining for this agenda item, there is a risk of running out of time before finalizing the details of the pre-compensation scheme in Rel. 17, which may lead to incomplete specification of the Doppler pre-compensation scheme and hence would not be implemented. In light of that, we prefer uplink-based Doppler estimation over downlink-based Doppler estimation. 
1. Do not support downlink-based Doppler estimation in Rel. 17 HST-SFN scheme 

QCL assumptions between UL & DL RSs
[bookmark: _Ref71237943][bookmark: _Ref68604622][image: ]Figure 6. HST deployment with a series of RRHs along the railway
As discussed previously, the basis of the Doppler pre-compensation scheme is that the network applies a frequency shift (pre-compensation) onto the DMRS/PDSCH transmitted from one TRP to align with the frequency at the other TRP, e.g., TRP1. Given that the frequency pre-compensation may not be perfect due to hardware impairments and Doppler estimation errors, it would be reasonable if the TRP corresponding to the TRS with lower RSRP/SINR pre-compensates its carrier frequency based on the frequency of the TRP corresponding to the TRS with higher RSRP/SINR. Figure 5 provides some emphasis on this motivation, as follows. When the UE has moves more than halfway past RRH1 towards RRH2, the received DMRS/PDSCH power from RRH2 would dominate that of the DMRS/PDSCH of RRH1, and hence it is more convenient that DMRS/PDSCH from RRH1 is transmitted without induced frequency offset. Beside reducing the impact of frequency pre-compensation, this also would facilitate the switching from the pre-compensation scheme to single-TRP scheme. However, given the train trajectory through the railway, a few seconds later the DMRS/PDSCH transmission from RRH3 would dominate that of RRH2, and hence RRH2 should pre-compensate its transmission frequency to that of RRH2 and so on. In order to enable the UE to robustly communicate with different TRPs with varying power profiles, the indication of the reference TRP (corresponding to the uncompensated DMRS/PDSCH transmission) and the secondary TRP (corresponding to the frequency-compensated DMRS/PDSCH transmission) should be indicated without ambiguity. 
Applying the offset frequency pre-compensation to the transmitted signal from the TRP with lower RSRP/SINR can further improve the Doppler pre-compensation scheme robustness
Indication of the dominant TRP corresponding to higher DMRS/PDSCH received power (or SINR) to the UE is needed for the Doppler pre-compensation scheme
One way to convey this information without introducing additional signaling is via reusing the spatial relation information field in the SRS configuration, in which the TRS ID corresponding to the reference TRP would be indicated in the spatialRelationInfo in SRS configuration. In case of DL RS-based Doppler estimation with explicit Doppler reporting, the UE can report one bit as part of the CSI report that indicates which indicates the dominant TRP, i.e., TRP whose TRS is received with higher power.
1. The TRP that applies frequency pre-compensation to DMRS/PDSCH transmission should be identified to the UE without ambiguity 

Switching between Doppler pre-compensation scheme and other schemes
One other important aspect of the network-based Doppler pre-compensation scheme is the means of switching with other schemes, mainly HST Scheme 1, single-TRP scheme and legacy multi-TRP schemes. In our opinion, switching between Doppler pre-compensation scheme and legacy multi-TRP schemes (Schemes 1a/2a/2b/3/4) should be semi-static, i.e., RRC-based, since no clear use case exists for dynamic switching. 
1. Support semi-static switching between Doppler pre-compensation scheme and Rel. 16 multi-TRP schemes (Schemes 1a/2a/2b/3/4)
Regarding switching with HST Scheme 1, in case of Pre-compensation Scheme B/D (with TRP-specific TRS transmission), dynamic switching can be supported, since both pre-compensation schemes adopt the same TRS transmission mechanism as HST Scheme 1. Since, the UE would keep tracking the same TRSs after switching between the two schemes, no considerable complexity is incurred. 
1. Support dynamic switching between HST Scheme 1 and Doppler pre-compensation scheme with TRP-specific TRS transmission
Moreover, switching between Doppler pre-compensation scheme with single-TRP scheme is also needed. One way to facilitate such switching is via indication of the dominant TRP to the UE without ambiguity, since the TRP that the UE would switch to under the single-TRP scheme is more likely to be the dominant TRP., i.e., the TRP with the highest RSRP. Since the dominant TRP does not apply an offset frequency pre-compensation, switching to that TRP would incur less complexity. Whether dynamic switching is mandatory/optional can be FFS. 
1. Support dynamic switching between Doppler pre-compensation scheme and single-TRP scheme. FFS: whether dynamic switching is optional

Remaining details of UE-based Solutions
[bookmark: _Hlk67926200]Switching between HST Scheme 1 and SDM Scheme 1a
In RAN1#104bis-e, it was agreed that RRC switching is supported between HST Scheme 1 and single-TRP scheme, with dynamic switching being supported as an optional UE feature. Additionally, it was agreed that RRC switching is supported between HST Scheme 1 and SDM Scheme 1a, where supporting dynamic switching with SDM Scheme 1a is FFS. 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 Scheme 1 and SDM 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 3. 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 [3]. 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 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. 
No clear justification to support dynamic switching between HST Scheme 1 and SDM Scheme 1a
1. Do not support dynamic switching between HST Scheme 1 and SDM Scheme 1a

QCL Source RS for Scheme 1
In RAN1#104bis-e, a working assumption was made on supporting all QCL source RS resource types as defined in TCI state for Rel. 16 multi-TRP for HST Scheme 1. We support confirming the working assumption, since the CSI-RS for channel measurement is expected to follow a similar allocation as the TRS, i.e., TRP-specific CSI-RS transmission, which falls in line with the agreement in RAN1#103-e [2] for AI 8.1.4 that discusses CSI enhancements under multi-TRP transmission, as follows
	Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, [at least for multi-DCI based and single-DCI based schemes (scheme 1a)], NZP CSI-RS resources for channel measurement are associated to different TRPs/TCI states at resource level 


In light of that, we believe it is reasonable to confirm the working assumption on supporting all QCL source RS resource types as defined in TCI state for Rel. 16 multi-TRP for HST Scheme 1.
1. Confirm the working assumption on supporting all QCL source RS resource types as defined in TCI state for Rel. 16 multi-TRP for HST Scheme 1
PDCCH enhancements for multi-TRP SFN deployment
Based on discussion in RAN1#104bis-e [1], we further discuss FFS parts on MAC CE activation signaling, default TCI for PDSCH and aperiodic CSI-RS, default spatial relation for PUCCH/SRS/PUSCH and beam failure recovery mechanism.  
MAC CE activation of two TCI states for PDCCH
An agreement was made on MAC CE activation of two TCI states for PDCCH, however two FFS bullet points still exist for further discussion, mainly whether for CA scenario additionally support RRC configured set of the serving cells which can be addressed by a single MAC CE, and whether or not enhanced MAC CE signaling is applicable to a CORESET configured with CORESETPoolindex. For some CA deployment scenarios, same transmission beams may be used for a set of CCs. With RRC configured set of serving cells, a single MAC CE can activate PDCCH with two TCI states for this set of the serving cells. It can reduce MAC signaling overhead and latency of TCI states activation for multiple CCs. Furthermore, similar feature is also supported in Rel.16 for PDSCH transmission with multiple TRPs. Thus, we think it can be supported as an optional enhanced feature.
1. For SFN-based PDCCH transmission, support activating two TCI states by a single MAC CE simultaneously for a set of the serving cells by optional RRC signaling
For HST scenario, SFN-based PDCCH transmission is used to improve the PDCCH transmission reliability, where the same DCI is transmitted from multiple TRPs. For CORESETPoolindex, it is typically configured in case of multiple PDSCH transmission scheduled by multiple DCI. With configuration of CORESETPoolindex, it can bring benefit in case of non-ideal backhaul, where information exchange time requirement between TRPs is relaxed. However, it may degrade system performance without timely information exchange in high speed train scenario. Thus, the typical application scenario for configuring CORESETPoolindex for the CORESET with the enhanced MAC CE signaling should be clarified.
No clear application scenario exists for configuring CORESETPoolindex for the CORESET with the enhanced MAC CE signaling for PDCCH 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 of PDSCH needs to be determined to avoid ambiguity between the gNB and UE. If a UE only supports one default beam for PDSCH reception (for example, not configured with enableTwoDefaultTCI-States) or the PDSCH is transmitted from a single TRP, then one TCI state needs to be determined and the TCI state of a PDSCH could be the TCI state with a lower ID of the two TCI states, or alternatively the TCI state of a CORESET with the lowest ID activating only one TCI state. Otherwise, the default TCI state of the PDSCH could follow the rule in Rel. 16 including default PDSCH TCI state determination based on whether or not the TCI activated by MAC-CE contains 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.  
In RAN1#104bis-e, there was no agreed QCL assumption for PDSCH reception for case that a DCI format does not have the TCI field. We think this case is also important and the QCL assumption for PDSCH need to be determined for different PDSCH transmission schemes if the time offset is equal to or greater than a threshold, and the CORESET transmitting the DCI without TCI field is activated with two TCI states. If a UE has the ability of receiving 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 a NCJT manner and the PDSCH beam follows both the TCI states of the scheduling DCI. If higher layer or 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 multiple TRPs and the PDSCH beam also follows both TCI states of the scheduling DCI. Otherwise, if a UE could not 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 both scheduling DCI.
1. If the CORESET with lowest ControlResourceSetId in the latest slot is activated with two TCI states, one default QCL assumption needs to be determined for
· PDSCH reception if the scheduling offset is smaller than a threshold and the UE supports only one default beam
· Aperiodic CSI-RS reception if the time offset 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
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. The QCL determination needs to consider the single TRP or multiple TRP PDSCH transmission as well as 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, 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 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 an 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 to avoid any ambiguity on the default spatial relation and default PL-RS for UL channel/signals. The rule could be the same as that used for determination of a 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 needs to be determined if the CORESET with lowest ControlResourceSetId is activated with two TCI states
Beam failure recovery
Based on 3 rounds of discussion, the conclusion is companies can consider proposal #3-8a for future meeting. The details of proposal #3-8a is shown as follows. Our views on related issues are shown based on following discussion.Proposal #3-8a:
· When two TCI states are configured for a CORESET, study the following enhancements to BFR procedures 
· Configuration of RS for BFD 
· Implicit configuration
· Alt 1-1: RS of CORESETs with only single active TCI states are used
· Alt 1-2: RS of CORESETs with both single and two TCI states are used
· Alt 1-3: RS of CORESET(s) with only two TCI states are used
· Explicit configuration
· Alt 2-1 Support defining CSI-RS resource or SSB pairs
· FFS other details
· Alt 2-2 Reuse the existing approach for BFD RS configuration
· Assumptions for hypothetical BLER calculation for PDCCH
· Alt 3-1: RS in the two TCI states or CSI-RS / SSB are directly used as the BFD RS
· Alt 3-2: UE calculates one hypothetical BLER under SFN assumption of BFD RS pairs
· Configuration of NBI RS
· Alt 4-1: Reuse the existing Rel-15 NBI configuration based on single CSI-RS resource
· Alt 4-2: Introduce two new beam identification CSI-RS resource sets or new beam identification CSI-RS resource pairs
· FFS applicability of the BFR enhancements above to 
· Rel-15 BFR
· Rel-16 BFR
· Rel-17 BFR
· FFS UE behavior on monitoring the PDCCH candidate after BFD
· FFS applicability of some enhancements to RLM procedures
· FFS other aspects

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. Based on the discussion, our preferences are shown as follows
1. Support Alt 1-2 for configuration of RS for BFD, where RS of CORESETs with both single and two TCI states are used for implicit configuration
1. Support Alt 2-1 with defining CSI-RS resource or SSB pairs for explicit configuration
1. Support Alt 3-2 for assumptions on the hypothetical BLER calculation for PDCCH, where the UE calculates one hypothetical BLER under SFN assumption of BFD RS pairs
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 normal PDCCH transmission or PDCCH with SFN transmission. If so one or two new beam(s) may be identified for later PDSCH/PDCCH transmission, respectively. These related issues can be further discussed and clarified. Note here that the two identified new beams, can be used for SFN-based PDCCH/PDSCH transmission to improve transmission reliability, although this requires some specification effort. In order to support identifying two new beams, two possible solutions can be considered. For the first scheme, two resource sets of [image: ]are configured with one set for the new beam identifying one TRP. For the second scheme, new beam identification resources pair can be used to identify new beams from multiple TRPs, where new beam identification resources pair can be CSI-RS resource pair, SSB resource pair. Based on the discussion, our preference is shown as follows
1. Support Alt 4-2 for configuration of NBI RS with introducing two new beam identification CSI-RS resource sets or new beam identification CSI-RS resource pairs
For BFR enhancements, they are proposed based on SFN based PDCCH transmission with HST scenario. It can be used in cases of PCell/PSCell beam failure and/or Scell beam failure. Thus, it can be specified based on extension of PCell/PScell beam failure mechanism defined in Rel. 15 and Scell beam failure mechanism defined in Rel. 16. For per-TRP based beam failure mechanism, it is specified in Rel. 17 for early finding beam failure for each TRP. Enhanced beam failure mechanism and per-TRP based beam failure mechanism can be configured to be used with different targets and different scenarios. The discussion on details of per-TRP based beam failure mechanism are still ongoing in AI 8.1.2.3. Thus, the detailed relation between proposed BFR mechanism and per-TRP based beam failure mechanism can be further discussed after more specification details are available.
1. Support above BFR enhancements applicable at least to Rel. 15 and Rel. 16 BFR
Conclusion
This contribution addressed HST-SFN enhancements for NR Rel. 17. We have the following observations:
1. A network-based Doppler pre-compensation scheme with TRP-specific TRS transmission can be easily coupled with UE-based HST Scheme 1 and can provide more robustness against carrier frequency offsets compared with SFN-based TRS
1. Different alternatives exist for supporting network-based Doppler pre-compensation that supports both Rel. 17 UEs and legacy UEs, where the alternatives vary in terms of complexity and compatibility with HST Scheme 1
1. Under UE-based Doppler reporting for Doppler pre-compensation, a UE can report the difference of the Doppler shift values ∆fr ≜ fd1 - fd2 estimated from the transmitted TRSs
1. Applying the offset frequency pre-compensation to the transmitted signal from the TRP with lower RSRP/SINR can further improve the Doppler pre-compensation scheme robustness
1. Indication of the dominant TRP corresponding to higher DMRS/PDSCH received power (or SINR) to the UE is needed for the Doppler pre-compensation scheme
1. No clear justification to support dynamic switching between HST Scheme 1 and SDM Scheme 1a
1. No clear application scenario exists for configuring CORESETPoolindex for the CORESET with the enhanced MAC CE signaling for PDCCH activating two TCI states for SFN-based PDCCH transmission
Based on the observations above, we have reached the following conclusions:
1. Support the Doppler pre-compensation scheme with TRP-specific TRS transmission
1. Support Variant A for QCL assumptions of the Doppler pre-compensation scheme with TRP-specific TRS transmission
1. Introduce a new ‘QCL-typeE’ with ‘Average delay’ and ‘Delay spread’ properties for Doppler pre-compensation scheme
1. Support Doppler pre-compensation scheme with two TRSs transmitted in TRP-specific manner to support Rel. 17 UEs and one TRS transmitted in SFN manner to support legacy UEs
1. Do not support downlink-based Doppler estimation in Rel. 17 HST-SFN scheme
1. The TRP that applies frequency pre-compensation to DMRS/PDSCH transmission should be identified to the UE without ambiguity
1. Support semi-static switching between Doppler pre-compensation scheme and Rel. 16 multi-TRP schemes (Schemes 1a/2a/2b/3/4)
1. Support dynamic switching between HST Scheme 1 and Doppler pre-compensation scheme with TRP-specific TRS transmission
1. Support dynamic switching between Doppler pre-compensation scheme and single-TRP scheme. FFS: whether dynamic switching is optional
1. Do not support dynamic switching between HST Scheme 1 and SDM Scheme 1a
1. Confirm the working assumption on supporting all QCL source RS resource types as defined in TCI state for Rel. 16 multi-TRP for HST Scheme 1
1. For SFN-based PDCCH transmission, support activating two TCI states by a single MAC CE simultaneously for a set of the serving cells by optional RRC signaling
1. If the CORESET with lowest ControlResourceSetId in the latest slot is activated with two TCI states, one default QCL assumption needs to be determined for
· PDSCH reception if the scheduling offset is smaller than a threshold and the UE supports only one default beam
· Aperiodic CSI-RS reception if the time offset 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
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. The QCL determination needs to consider the single TRP or multiple TRP PDSCH transmission as well as the UE capability
1. The default spatial relation and PL-RS for dedicated-PUCCH/SRS/PUSCH scheduled by DCI format 0_0 needs to be determined if the CORESET with lowest ControlResourceSetId is activated with two TCI states
1. Support Alt 1-2 for configuration of RS for BFD: RS of CORESETs with both single and two TCI states are used for implicit configuration
1. Support Alt 2-1 with defining CSI-RS resource or SSB pairs for explicit configuration
1. Support Alt 3-2 for assumptions on the hypothetical BLER calculation for PDCCH, where the UE calculates one hypothetical BLER under SFN assumption of BFD RS pairs
1. Support Alt 4-2 for configuration of NBI RS with introducing two new beam identification CSI-RS resource sets or new beam identification CSI-RS resource pairs
1. Support above BFR enhancements applicable at least to Rel. 15 and Rel. 16 BFR
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