3GPP TSG RAN WG1 Meeting #106bis-e	R1-2108760 
e-Meeting, October 11th – 19th, 2021

Agenda Item:	8.1.2.4
Source:	Huawei, HiSilicon
Title:	Enhancements on high speed train for multi-TRP in Rel-17
Document for:	Discussion and Decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #106e meeting [1], the following agreements were reached for UE-based and TRP-based enhancements. In this contribution, we further discuss the remaining issues for both UE based scheme 1 and TRP based frequency pre-compensation scheme.
	[bookmark: _Hlk82528972]Agreement
Support the following combination of the transmission schemes
· [bookmark: _Hlk83562041]Single-TRP PDCCH + Rel-17 Scheme 1 PDSCH
· Single-TRP PDCCH + Rel-17 TRP-based pre-compensation PDSCH
· FFS: Other combinations of the transmission scheme 
Note: The PDSCH corresponds to the PDSCH scheduled by DCI formats 1_1 and 1_2.

Agreement
For Rel-17 TRP-based pre-compensation scheme, indication of carrier frequency for uplink transmission (Doppler frequency reporting) in TRP-based pre-compensation scheme is supported using 
· Option 1 Implicit from RAN1#102-e agreement
· [bookmark: _Hlk83563699]FFS enhancements to SRS (e.g multiple SRS resource in a set) to improve the accuracy of frequency estimation
For Option1, some companies raised concerns that there is no consensus on the benefit and the applicability of this scheme in FDD.
For Option1, some companies raised concerns that there is no benefit in low SNR scenarios.

Agreement
For TRP -based pre-compensation
· Alt-1: QCL parameters are dropped from the second TCI state of the indicated TCI codepoint containing two TCI states

Conclusion
For Variant A and B (if supported)
· For frequency offset pre-compensation QCL -like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step is supported by implementation without specification impact

[bookmark: _Hlk82528999]Agreement
Confirm working assumption from RAN1#105e meeting without modification:
For TRP -based pre-compensation, Variant A (based on RAN1#103-e meeting agreement) is supported as QCL types/assumption, when the same DMRS port(s) are associated with two TCI states.
· FFS: Support of Variant B 

[bookmark: _Hlk82529026]Agreement
In CA scenario support RRC configured set of the serving cells which can be addressed by a single MAC CE for activation of two TCI states of CORESET with the same CORESET ID for all the BWPs in the indicated CCs set
· FFS: Whether to reuse Rel-16 RRC parameters or introduce new RRC parameters.
· FFS: UE capability
· FFS: Whether/How to update the CORESET that is not configured to SFN scheme in the indicated CCs set

Agreement
If enableTwoDefaultTCI-States is configured and at least one TCI codepoint indicates two TCI states and time offset between the reception of the DL DCI and the PDSCH is less than the threshold timeDurationForQCL, default beam(s) for Rel-17 enhanced SFN PDSCH (scheme 1 or if supported TRP-based pre-compensation) reception:
· Alt 1: Reuse rule to determine TCI states as defined for Rel-16 PDSCH scheme-1a
This is a UE optional feature

[bookmark: _Hlk82529057]Agreement
For PDSCH reception scheduled by DCI format 1_0, [1_1 and 1_2], if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL 
· Support configuration when there is no TCI field in the DCI scheduling PDSCH
· UE applies the state(s) of the scheduling CORESET when receiving the PDSCH 
· if there are two active TCI states for the CORESET, UE applies the both QCL assumption of the CORESET that schedules the PDSCH when receiving the PDSCH 
· otherwise, UE applies the one active TCI state of the CORESET when receiving the PDSCH
· FFS if the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL
This is a UE optional feature.

Agreement
If enhanced SFN PDCCH transmission scheme (scheme 1 or if TRP-based pre-compensation is supported in FR2) is configured and CORESET is indicated with two TCI states, and scheduling offset for AP CSI-RS is less than the threshold and enableTwoDefaultTCIStates is not configured
· If there is no other DL signal on the same symbol, use one of two TCI states as default beam for aperiodic CSI-RS reception, i.e.
· using one TCI state of the CORESET with the lowest CORESET ID in the latest slot as default beam for aperiodic CSI-RS reception. If there are two activated TCI states for the CORESET with the lowest CORESET ID, one of two TCI states will be selected, i.e. always selects the first TCI state if the CORESET has two TCI states
· If there is other DL signal on the same symbol, reuse Rel-15/16 mechanism

[bookmark: _Hlk82529088]Agreement
If enhanced SFN PDCCH transmission scheme (scheme 1 or TRP-based pre-compensation) is configured and two TCI states are activated for at least one CORESET, support the following configuration of RS for BFD
· For implicit configuration 
· Alt 1-2: RS of CORESETs with both single and two TCI states are used
FFS: The maximum number of BFD RS and details on RS determination

[bookmark: _Hlk82529145]Agreement
If enhanced SFN PDCCH transmission scheme (scheme 1 or if TRP-based pre-compensation is supported in FR2) is configured, and if the CORESET with the lowest ID in the active DL BWP is indicated with two TCI states 
· If PL-RS and spatial relation information are not configured for PUCCH and enableDefaultBeamPL-ForPUCCH is configured in FR2 
· For single-TRP PUCCH transmission, select the first TCI state of the CORESET as default beam and PL RS 
· If PUSCH scheduled by DCI format 0_0 and enableDefaultBeamPL-ForPUSCH0-0 is configured in FR2, and if PUCCH resource is not configured on active UL BWP in the cell or if spatial relation is not configured in any PUCCH resource on active UL BWP in the cell, 
· For single-TRP PUSCH transmission scheduled by DCI format 0_0, select the first TCI state of the CORESET as default beam and PL RS 
· If PL-RS and spatial relation information are not configured for SRS and enableDefaultBeamPL-ForSRS is configured in FR2 
· For single-TRP SRS resource, select the first TCI state of the CORESET as default beam and PL RS 
· FFS other details, if any 
· These are UE optional features 

Agreement
When a CORESET is activated with two TCI states which overlaps with another CORESET, support extension of Rel-15 prioritization rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasions with different QCL-TypeD
· FFS: Prioritization rule considers CORESETs indicated with 1 and/or 2 TCI states 
· Supports identifying two QCL-TypeD properties for multiple overlapping CORESETs
· UE capability is introduced
· FFS other details
· FFS: Strive to have same / similar solution as discussed under AI 8.1.2.1

Conclusion
No RAN1 specification impact on how to calculate hypothetical BLER for BFD




[bookmark: _Ref129681832]Combination of the transmission schemes for PDCCH and PDSCH
In last meeting, it has been agreed to support the combination of single-TRP PDCCH and SFN PDSCH. In addition to these, the combination of SFN PDCCH and single-TRP PDSCH should also be supported. As dynamic switching between STRP and scheme/pre-compensation for PDSCH has already been agreed in previous meeting, if both PDCCH and PDSCH are configured with SFN transmission by RRC, single-TRP PDSCH can still be scheduled by SFN PDCCH, which means the combination of SFN PDCCH and single-TRP PDSCH has already been supported. Moreover, scheme 1 and Pre-compensation based PDCCH can increase the reliability for PDCCH transmission, which is beneficial for URLLC traffic. Therefore, scheme 1/Pre-compensation based PDCCH scheduling Single-TRP based PDSCH should also be supported.
[bookmark: _Hlk83565623]Proposal 1: Support the following combination of the transmission schemes
· Rel-17 scheme 1 PDCCH + Single-TRP PDSCH
· Rel-17 TRP-based pre-compensation PDCCH + Single-TRP PDSCH
TRP based frequency pre-compensation
TRP based frequency pre-compensation is beneficial to address the Doppler impact on data transmissions in HST scenarios. Major companies provided performance results with the obvious gain of TRP based pre-compensation, which was finally supported in previous meetings. The procedure is illustrated in Figure 1. TRSs are transmitted without pre-compensation and the frequency offsets between the TRPs for PDSCH/DMRS transmission are pre-compensated at one TRP. Detailed procedure can be found in our previous contribution [2].
[image: ]
Figure 1. Example for procedure of pre-compensation scheme
TRP-based pre-compensation in FR2
One remaining issue is whether to support TRP-based pre-compensation scheme for PDSCH / PDCCH in FR2. The Doppler shift is proportional to the carrier frequency, and the carrier frequency of FR2 could be 10 times that of FR1, which would lead to a Doppler shift in FR2 10 times that of FR1. As a result, FR2 is more affected by the frequency offset between different TRPs. 
Moreover, the scheme 1 for PDSCH/PDCCH for FR2 has been agreed. And there’s no further spec effort for TRP based pre-compensation in FR2 compared to scheme 1. Therefore, we have the following proposal.
[bookmark: _Hlk83748013]Proposal 2:  TRP-based pre-compensation scheme for PDSCH / PDCCH is supported in FR2.
QCL assumption
Variant A has been supported as QCL types/assumption last meeting. With Variant A, only two TRSs are needed: TRS1 from a serving cell with QCL {average delay, delay spread, Doppler shift, Doppler spread}, and TRS2 from the other cell with QCL {average delay, delay spread}. But for Variant B, as the delay information is obtained from only one serving cell, an additional SFN-TRS needs to be transmitted to provide the complete delay information. Therefore, the NW has to configure three TRSs: TRS1 from a serving cell with QCL {Doppler shift, Doppler spread}, TRS2 from another cell for TRP switching with QCL {Doppler shift, Doppler spread}, and TRS3 from SFN TRS with QCL {average delay, delay spread}. And hence the UE will have to track three TRS for QCL information. As a result, Variant B increases TRS overhead and requires higher UE capability. 
Therefore, we have the following proposal. 
[bookmark: _Hlk79153678]Proposal 3: Variant B for QCL types/assumption in HST cases is not considered in Rel-17.
Meanwhile, it’s worth noticing that Variant C may also be useful for some scenarios, e.g., when there’s large timing-offset between two TRPs. With Variant C, the average delay is obtained from only one TRP, then the delay between signals from two TRPs can be pre-compensated in addition to Doppler pre-compensation, which is beneficial for SFN transmission. When there is large timing offset between two TRPs in high-speed scenario, Variant C can also be used to enable TRP based delay pre-compensation. Therefore, Variant C can be supported additionally.
[bookmark: _Ref71649473]Doppler estimation in UL
It has been agreed to support implicit indication of Doppler shift using uplink signal(s). One remaining issue is whether any further enhancement to SRS is needed to improve the accuracy of frequency estimation. As shown by evaluation results in [3], it can be observed that legacy uplink reference signals (such as DMRS or SRS) is sufficient for frequency offset estimation.
[bookmark: _Hlk83748241]Observation 1: Legacy UL reference signal (such as DMRS or SRS) is sufficient for frequency estimation for TRP based frequency pre-compensation solution in HST scenario.
In addition, the performance can be further improved by using DMRS based channel/frequency estimation, due to the fact that DMRS is denser with more symbols (2 or 3 symbols) compared to SRS. Therefore, there is no need to SRS enhancements for frequency estimation.
[bookmark: _Hlk79153700][bookmark: _Hlk83565676]Proposal 4:  Enhancement to SRS in HST scenario is not considered in Rel-17.
Scheme switching criteria
One remaining issue for SFN PDCCH is whether to support the dynamic switching between Rel-17 SFN PDSCH and Rel-16 scheme 1a. 
[bookmark: _Hlk83749397]For HST, the rapid change of environment would result in channel property changes and rank adaptation，which means that proper transmission scheme should be changed accordingly. For low rank environment, SFN transmission would be more suitable, while for high rank, it’s difficult to align the phases between both TRPs for all layers, so SFN may be less reliable. Considering semi-static (RRC-based) switching with the long configuration period are not applicable to fast-changing channels in HST, it's beneficial in terms of spectral efficiency and reliability to switch NCJT and SFN dynamically.
In Rel-16, switching between Scheme-1a and others can be dynamically indicated to support the scheduling flexibility. Scheme 1a and schemes 2a/2b/3 are switched based on CDM group number indicated in DCI. For scheme 1a and scheme 4 switching, TDRA indication is used and one CDM group is restricted for scheme 4. This is because two CDM groups are only for scheme 1a/NCJT, where two TRPs will use different/orthogonal DMRS ports and different t/f resources for DMRS ports to avoid interference between two links with different large scale properties. For scheme 2a/2b/3/4, and even Rel-17 SFN PDSCH, one CDM group would be enough.
Following Rel-16 design, it’s preferred to maintain the dynamic switching between scheme 1a and other Rel-16/17 schemes. The similar solution in Rel-16 can be reused for indication, i.e., indicating by the same CDM group and two TCI states for Rel-17 SFN PDSCH if other URLLC schemes are not enabled, while two CDM groups and two TCI states for scheme-1a. 
[bookmark: _Hlk79153720][bookmark: _Hlk83741334]Proposal 5: Support dynamic switching between scheme 1/ TRP-based pre-compensation and scheme-1a (SDM in R16).

[bookmark: _Hlk82704634]PDCCH monitoring with different QCL-TypeD
One remaining issue on PDCCH monitoring with different QCL-TypeD is the prioritization rule considering CORESETs indicated with 1 and/or 2 TCI states. There are the following cases in overlapping.
· a CORESET activated with two TCI states overlaps with another CORESET activated with two TCI states
· a CORESET activated with two TCI states overlaps with another CORESET activated with one TCI state
· multiple CORESETs overlap, and all the overlapping  CORESETs are activated with two TCI states
· multiple CORESETs overlap, and some of the overlapping  CORESETs are activated with two TCI states, others are activated with one TCI state
[bookmark: _Hlk82710159][bookmark: _Hlk82713259][bookmark: _Hlk79153732]Following the Rel-15 rule, the first QCL-typeD is identified by a first CORESET with highest priority based on Rel-15 rule. If the CORESET is configured with two TCI states, the second QCL-typeD is also from the CORESET. Otherwise, the second QCL-typeD is identified by the first TCI of the second CORESET with second highest priority based on Rel-15 rule. if the second highest priority CORESET has two TCI states, the second QCL-typeD is identified by the first TCI whose beam direction is inconsistent with the first QCL-typeD.
[bookmark: _Hlk82713318]Proposal 6: The first QCL-typeD is identified by a first CORESET with highest priority based on Rel-15 rule,
· if the CORESET has two TCI states, the second QCL-type D is also from the CORESET. 

RRC Parameters
[bookmark: _Hlk82629868]In last meeting, the combination of single-TRP PDCCH and SFN PDSCH was agreed, in addition to the combination of SFN PDCCH and SFN PDSCH. Considering future extension of combinations and flexible configuration, the SFN for PDCCH and PDSCH (i.e., sfnSchemePdcch and sfnSchemePdsch) should be configured separately. In addition to that, because not all the CORESETs are transmitted by SFN, e.g., some CORESETs are used to transmit broadcast signals, or, the PRBs for some CORESETs are not suitable for SFN transmission due to the phase difference of signals from two TRPs. Therefore, each CORESET can be separately activated with one or two TCI states.
[bookmark: _Hlk83748152]Proposal 7: PDCCH and PDSCH are configured separately for Rel-17 SFN transmission.
[bookmark: _Hlk83748164]Proposal 8: The configuration of Rel-17 SFN transmission for PDCCH is per CORESET.
[bookmark: _Hlk79153744][bookmark: _Hlk82629958][bookmark: _Hlk82630170]In RAN1#106-e, we have agreed to support RRC configured set of the serving cells which can be addressed by a single MAC CE for activation of two TCI states of CORESET with the same CORESET ID for all the BWPs. In Rel-16, we have supported RRC configured set of the serving cells, which can be activated with one TCI state for CORESETs with the same CORESET ID. If Rel-16 RRC parameter is reused, the configured CCs which are to update the CORESET together may not all support the SFN scheme. In order to have flexible configuration without compromising the inherent features of Rel-16, it is recommended that a new RRC parameters is introduced to update indicated CCs which support the SFN scheme.
[bookmark: _Hlk83748202]Proposal 9: Support to introduce a new RRC parameters to configure a set of the serving cells which can be addressed by a single MAC CE for activation of two TCI states of CORESET with the same CORESET ID for all the BWPs. 

Conclusions
We have investigated scheme 1 and pre-compensation schemes in HST scenario and have the following observations and proposals.
Observation 1: Legacy UL reference signal (such as DMRS or SRS) is sufficient for frequency estimation for TRP based frequency pre-compensation solution in HST scenario.
Proposal 1: Support the following combination of the transmission schemes
· Rel-17 scheme 1 PDCCH + Single-TRP PDSCH
· Rel-17 TRP-based pre-compensation PDCCH + Single-TRP PDSCH
Proposal 2:  TRP-based pre-compensation scheme for PDSCH / PDCCH is supported in FR2.
Proposal 3: Variant B for QCL types/assumption in HST cases is not considered in Rel-17.
Proposal 4:  Enhancement to SRS in HST scenario is not considered in Rel-17.
Proposal 5: Support dynamic switching between scheme 1/ TRP-based pre-compensation and scheme-1a (SDM in R16).
Proposal 6: The first QCL-typeD is identified by a first CORESET with highest priority based on Rel-15 rule,
· if the CORESET has two TCI states, the second QCL-type D is also from the CORESET. 
Proposal 7: PDCCH and PDSCH are configured separately for Rel-17 SFN transmission.
Proposal 8: The configuration of Rel-17 SFN transmission for PDCCH is per CORESET.
[bookmark: _GoBack]Proposal 9: Support to introduce a new RRC parameters to configure a set of the serving cells which can be addressed by a single MAC CE for activation of two TCI states of CORESET with the same CORESET ID for all the BWPs.
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