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1	Introduction
RAN1 made following agreements and conclusions for HST-SFN enhancements in RAN1#106bis-e meeting [1].

Working Assumption
Reuse legacy Rel-16 RRC parameters simultaneousTCI-UpdateList1, simultaneousTCI-UpdateList2 to define 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.

Agreement
If CSI-RS other than those configured with repetition set to 'on' is overlapping in the time domain with CORESET with two TCI states, support the first TCI state of the CORESET as the default TCI assumption for the CSI-RS.

Agreement
Support combination of Rel-17 SFN PDCCH scheme 1 and single-TRP PDSCH 
· This is optional UE feature
· Note: The support of such combination scheme is for URLLC use-case only.

Agreement
Enhanced SFN (scheme 1 or TRP-based pre-compensation scheme) for PDCCH and PDSCH is configured by using separate per-BWP RRC parameters
· In Rel-17, all downlink BWPs (except initial BWP and FFS: BWP-DownlinkCommon) within a CC should be the same configuration of SFN scheme

Agreement
When SFN PDSCH is not configured by RRC, for PDSCH reception scheduled by DCI format 1_0, 1_1, 1_2, if the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL,
· For DCI format 1_1/1_2, support both configurations with and without TCI state field.
· [If enableTwoDefaultTCIStates is not configured,] for both cases with and without TCI state field,
· If enhanced SFN PDCCH transmission scheme 1 is configured and the lowest CORESET ID in the latest slot is indicated with two TCI states, select the 1st TCI state of the two TCI states of the CORESET as default beam for the PDSCH reception
· FFS: Whether above applies for TRP-based pre-compensation if TRP-based pre-compensation is agreed to be support in FR2
· Otherwise, UE applies the one active TCI state of the CORESET with the lowest controlResourceSetId in the latest slot when receiving the PDSCH 

Agreement
For CSS associated with SFN CORESET, study the following alternatives and down-select in RAN1#107e:
· Alt 2: UE doesn’t expect PDCCH candidates in CSS to be associated with CORESET activated with two TCI states, except for CSS type 3 associated with CORESET configured with scheme 1
· Alt 3: If PDCCH candidates in CSS 0/0A/1/2/3 are associated with CORESET that activated with two TCI states, the first TCI state is applied for the CSS reception, except for CSS type 3 associated with CORESET configured with scheme 1. 
· For CSS type 3 associated with CORESET configured with scheme 1,  both TCI states can be applied for the CSS reception. 
 
Agreement
When CORESET is indicated with two TCI states
· One BFD RS pair for SFN CORESET is counted as two BFD RSs
· FFS: Increase the maximum number of monitored BFD RSs to X.
· X is UE capability
· X = 2, 3, 4, FFS other values of X

Agreement
When two TCI states are activated for a CORESET, NBI RS can be configured as follows
· Alt 4-1: Using the existing Rel-15 NBI configuration based on single SSB / CSI-RS resource
· FFS addition support of Alt 4-2: two new beam identification CSI-RS resource sets / new beam identification CSI-RS resource pairs or SSB pairs

In this contribution we provide our view on the remaining issues.
[bookmark: _Ref178064866]2	Discussion
2.1	QCL assumption for SFN PDSCH with S-TRP PDCCH
It has been agreed that the Rel-17 enhanced SFN scheme is configured separately for PDSCH and PDCCH per BWP. 
Agreement
Enhanced SFN (scheme 1 or TRP-based pre-compensation scheme) for PDCCH and PDSCH is configured by using separate per-BWP RRC parameters
· In Rel-17, all downlink BWPs (except initial BWP and FFS: BWP-DownlinkCommon) within a CC should be the same configuration of SFN scheme


If we consider the essential SFN functionality for a UE to improve the high-speed performance, it is the enhancement of PDSCH reception. For PDCCH because the DMRS REs and data REs are on the same symbol, the channel estimation for PDCCH data doesn’t require time domain interpolation between the DMRS symbols as is needed for PDSCH where DMRS and data are on different symbols and thus, the doppler effect due to high-speed affects very little on the PDCCH performance. Therefore, PDCCH performance is almost the same with or without enhanced SFN for high-speed scenario.
[bookmark: _Toc87039995]Enhanced SFN PDSCH is the essential SFN functionality to improve the high-speed performance, enhanced SFN PDCCH is not essential.
In previous RAN1 meetings, RAN1 made several agreements on default beam reception assuming SFN PDCCH and SFN/S-TRP PDSCH. However, if the PDCCH is not configured as SFN, those default beam agreements require UE to switch to S-TRP PDSCH if the scheduling DCI doesn’t have TCI indication field. It means that in order to support DCI 1_0 without a TCI indication field, UE also need to support dynamic switching if only PDSCH is configured as SFN.
[bookmark: _Toc87039996]For supporting S-TRP PDCCH and SFN PDSCH, current default beam rule requires UE capability support of dynamic switching between S-TRP and SFN PDSCH transmission.

We think the restriction on UE capability for supporting dynamic switching in order to support SFN PDSCH with S-TRP PDCCH is artificial. If RAN1 could complete the design of default beam for configuration of S-TRP PDCCH with SFN PDSCH, with some simple approach similar to Rel-15 default beam rule, we can improve the network configuration flexibility and relax the UE implementation requirement on dynamic switching. When S-TRP PDCCH with SFN PDSCH is configured, we could define the UE behaviour on PDSCH reception such that a UE not capable of dynamic switch can still support the SFN PDSCH only configuration.
In Rel-15 the default beam rule defined for cross carrier scheduling is an example that decouples the TCI association between PDCCH and PDSCH.

From 38.214:
------
“If the PDCCH carrying the scheduling DCI is received on one component carrier, and the PDSCH scheduled by that DCI is on another component carrier:
…
-    When the UE is configured with enableDefaultBeamForCCS, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, or if the DL DCI does not have the TCI field present, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
”
------
A similar approach can be used for S-TRP PDCCH and SFN PDSCH. When UE is configured with SFN PDSCH (sfnSchemeA) and S-TRP PDCCH, if UE doesn’t support dynamic switching between S-TRP and SFN PDSCH and if DL DCI does not have the TCI field present, the UE obtains it’s QCL assumption for the scheduled PDSCH from the lowest codepoint activated with MAC CE.
 

[bookmark: _Toc87039997]A UE incapable of dynamic switch can still support SFN PDSCH with S-TRP PDCCH by extending default beam rule.

[bookmark: _Toc87040559]When UE is configured with SFN PDSCH (sfnSchemeA) and S-TRP PDCCH, if UE doesn’t support dynamic switch between S-TRP and SFN PDSCH, and if DL DCI does not have the TCI field present, the UE obtains it’s QCL assumption for the scheduled PDSCH from the lowest codepoint containing two different TCI states. 
2.2 Default TCI for PDSCH with absent TCI field in FR1
Another issue we shall resolve on RAN1#107-e is the default TCI for PDSCH in FR1. RAN1 came close to this possible agreement during the email discussion on RAN1#106bis-e, but some of the companies have concern on the part of proposal when CORESET contains one active TCI state, because the proposed behaviour requires UE capability of dynamic switching.

Possible Agreement
For PDSCH reception scheduled by DCI format 1_0, [1_1 and 1_2] and if applicable 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 , when SFN is configured for both PDCCH and PDSCH by RRC 
· UE applies the TCI  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 assumptions of the CORESET that schedules the PDSCH when receiving the PDSCH 
· otherwise, if there is one active TCI states for the CORESET , UE applies the one active TCI state of the CORESET when receiving the PDSCH  
· FFS : UE behavior if the UE does not support the above
 
We can try to solve the issue with one TCI state CORESET scheduling SFN PDSCH here with the similar approach discussed in section 2.1 for SFN PDSCH with S-TRP PDCCH configuration.
[bookmark: _Toc87040560]When UE is configured with SFN PDSCH (sfnSchemeA), if UE doesn’t support dynamic switch between S-TRP and SFN PDSCH, and if DL DCI does not have the TCI field present and there is one active TCI state activated for the CORESET, the UE obtains it’s QCL assumption for the scheduled PDSCH from the lowest codepoint containing two different TCI states. 

2.3 TRP-based Pre-compensation on FR2
The TRP-based pre-compensation scheme may be useful for FR1 HST deployment. When the SNR is high on both UL and DL, the doppler frequency of DL can be estimated based on received UL signals. When gNB configures SFNed transmission in the DL, a UE around the middle of two TRPs will experience maximum opposite doppler shifts from the two TRPs. In FR1, the UE cannot separate the signals from the two TRPs by its receive antenna, a composite signal is received instead at the UE.  The large separation of positive and negative Doppler frequencies with similar power in the composite signal makes the demodulation difficult at the UE.   For UE that not capable of handling large opposite doppler effect, the gNB may pre-compensate the doppler shift at one of the 2 TRPs such that approximately a same Doppler frequency is seen by the UE from the two TRPs. Therefore, the opposite doppler effects is reduced at the UE receiver side.
In FR2, however, the beams are narrow. Multiple antenna panels are typically used at the UE in order to receive signals simultaneously from two TRPs such as in the case of SFN transmission, where each panel is dedicated to receive signals from one TRP as illustrated in Figure 1.  In this case and under line of sight (LOS) condition, which is the typical case in HST-SFN, each antenna panel receives mainly signals from one of the TRPs.  Channel estimation is performed in a per panel basis and signals from different panels may be further combined with MRC or MMSE after channel estimation as illustrated in Figure 1.  Since each panel receives mainly signals from one TRP, only one dominate Doppler frequency (either positive or negative) would be included in the received signal at each panel.  With such panel setting assumption, the large Doppler spread issue in FR1 may not exist in FR2 in our view. 
[bookmark: _Toc87039998]The issue of simultaneous large positive and negative Doppler frequencies in a received signal in FR1 does not exist in FR2.  
Some signal leakage is possible from a TRP not aimed for by a UE panel, but such leakage should be small in general and should not be a problem. Therefore, specifying pre-compensation in FR2 without a clear understanding of the benefit is not justified.   Since the issue does not exist in FR2, it makes no sense to specify Pre-compensation in FR2.   
[bookmark: _Toc87039999]The need for extending Pre-compensation to FR2 is unclear.
[bookmark: _Toc87040561]Pre-compensation is not specified for FR2 unless a clear benefit is identified. 
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[bookmark: _Ref83928252]Figure 1: An example of UE implementation of SFN in FR2.

2.4 SFN PDCCH for common DCI
It has been agreed that enhanced SFN can also be used for PDCCH in type 3 CSS. A remaining issue is whether a CORESET activated with two TCI states can also be used for other types of CSS. In RAN1#106bis-e, the following agreement was further made:
Agreement
For CSS associated with SFN CORESET, study the following alternatives and down-select in RAN1#107e:
· Alt 2: UE doesn’t expect PDCCH candidates in CSS to be associated with CORESET activated with two TCI states, except for CSS type 3 associated with CORESET configured with scheme 1
· Alt 3: If PDCCH candidates in CSS 0/0A/1/2/3 are associated with CORESET that activated with two TCI states, the first TCI state is applied for the CSS reception, except for CSS type 3 associated with CORESET configured with scheme 1. 
· For CSS type 3 associated with CORESET configured with scheme 1, both TCI states can be applied for the CSS reception. 

Alt 3 allows same CORESET for USS to be associated with CSS 0/0A/1/2, and applies only the first TCI state for PDCCH reception associated with the CSSs. The proposal looks attractive as it reuses same CORESET configuration for CSS and USS. However, in a typical NR configuration: CORESET#0 is used for CSS, which is QCLed with SSB; a different CORESET than CORESET#0 is used in USS, which is configured with the same TCIs used PDSCH. Alt3 doesn’t seem to bring advantage in a practical NR configuration. Therefore, we prefer Alt.2.
[bookmark: _Toc87040562]Except for CSS type 3, UE doesn’t expect PDCCH candidates in CSS to be associated with CORESET activated with two TCI states.

2.5 Priority rules for overlapping CORESETs
The existing QCL-TypeD prioritization rules across CORESETs in overlapping PDCCH monitoring occasions selects only one QCL-Type D to be monitored, which would exclude SFN based PDCCH in FR2 even for UEs capable of receiving two beams simultaneously. Therefore, some enhancement of the legacy rules is needed for SFN based PDCCH. In this case, SFN PDCCH should be prioritized over non-SFN or individual PDCCH in our view to take advantage of the UE capability.  
A similar issue has been discussed on RAN1#106bis-meeting under multi-TRP in case of PDCCH repetition over two TRPs where the two corresponding CORESETs in a pair of linked SS sets overlap in time. In our view, the rule being captured in the agreement below for PDCCH repetition can also be applied in SFN PDCCH scenario with minor update.

Agreement
For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple monitored overlapping CORESETs, support
· Alt2: Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a SS set with the first QCL-TypeD (among the multiple overlapping CORESETs)
· In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination
· In the case of no such SS set pair, a second QCL-TypeD is not determined
· Note 1: simultaneous two beam reception for PDCCH repetition is UE optional
· Note 2: It can be separately discussed whether/how this feature interacts with multi-DCI based mTRP or with SFN PDCCH

[bookmark: _Hlk86931308]For a UE supporting reception with two different beams and configured with SFN PDCCH, for determination of two QCL-TypeD properties for multiple monitored overlapping CORESETs, support:
· Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the CORESETs activated with 2 TCI states, with first QCL-typeD as one of the 2 activated TCI states.
· In the case that multiple overlapping CORESETs activated with 2 TCI states have a TCI state with a same QCL-typeD as the first QCL-typeD , Rel-15 priority rule is followed for  determining one of the multiple CORESETs 
· [bookmark: _Hlk86999676]If none of the CORESETs activated with 2 TCI states has a TCI state with a same QCL-typeD as the first QCL-typeD, a second QCL-typeD is not selected. 

[bookmark: _Toc87040563]For a UE supporting reception with two different beams and configured with SFN PDCCH, for determination of two QCL-TypeD properties for multiple monitored overlapping CORESETs, support:
· [bookmark: _Toc87040564]Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the CORESETs activated with 2 TCI states, with first QCL-typeD as one of the 2 activated TCI states.
· [bookmark: _Toc87040565]In the case of multiple overlapping CORESETs activated with 2 TCI states have a TCI state with a same QCL-typeD as the first QCL-typeD, Rel-15 priority rule is followed for determining oneCORESET from the multiple CORESETs 
· If none of the CORESETs activated with 2 TCI states has a TCI state with a same QCL-typeD as the first QCL-typeD, a second QCL-typeD is not selected. 


2.6 Per BWP configuration of SFN scheme
One open issue that we would like to clarify is whether SFN scheme can be configured on BWP-DownlinkCommon. In RAN1#106bis-e, we had the following agreement:
Agreement
Enhanced SFN (scheme 1 or TRP-based pre-compensation scheme) for PDCCH and PDSCH is configured by using separate per-BWP RRC parameters
· In Rel-17, all downlink BWPs (except initial BWP and FFS: BWP-DownlinkCommon) within a CC should be the same configuration of SFN scheme

When looking into the content of BWP-DownlinkCommon, this IE contains only cell specific configurations, PDCCH-ConfigCommon and PDSCH-ConfigCommon. So, in our view, by “per BWP” configuration it can only make sense that the BWP is BWP-DownlinkDedicated and the “FFS:” should be removed from the above agreement.

[bookmark: _Toc87040566]Clarify the RAN1#106bis-e agreement and remove the “FFS:”
[bookmark: _Toc87040567]Enhanced SFN (scheme 1 or TRP-based pre-compensation scheme) for PDCCH and PDSCH is configured by using separate per-BWP RRC parameters
· [bookmark: _Toc87040568]In Rel-17, all downlink BWPs (except initial BWP and FFS: BWP-DownlinkCommon) within a CC should be the same configuration of SFN scheme



Conclusion
In the previous sections we made the following observations: 
Observation 1	Enhanced SFN PDSCH is the essential SFN functionality to improve the high-speed performance, enhanced SFN PDCCH is not essential.
Observation 2	For supporting S-TRP PDCCH and SFN PDSCH, current default beam rule requires UE capability support of dynamic switching between S-TRP and SFN PDSCH transmission.
Observation 3	A UE incapable of dynamic switch can still support SFN PDSCH with S-TRP PDCCH by extending default beam rule.
Observation 4	The issue of simultaneous large positive and negative Doppler frequencies in a received signal in FR1 does not exist in FR2.
Observation 5	The need for extending Pre-compensation to FR2 is unclear.


Based on the discussion in the previous sections we propose the following:
Proposal 1	When UE is configured with SFN PDSCH (sfnSchemeA) and S-TRP PDCCH, if UE doesn’t support dynamic switch between S-TRP and SFN PDSCH, and if DL DCI does not have the TCI field present, the UE obtains it’s QCL assumption for the scheduled PDSCH from the lowest codepoint containing two different TCI states.
Proposal 2	When UE is configured with SFN PDSCH (sfnSchemeA), if UE doesn’t support dynamic switch between S-TRP and SFN PDSCH, and if DL DCI does not have the TCI field present and there is one active TCI state activated for the CORESET, the UE obtains it’s QCL assumption for the scheduled PDSCH from the lowest codepoint containing two different TCI states.
Proposal 3	Pre-compensation is not specified for FR2 unless a clear benefit is identified.
Proposal 4	Except for CSS type 3, UE doesn’t expect PDCCH candidates in CSS to be associated with CORESET activated with two TCI states.
Proposal 5	For a UE supporting reception with two different beams and configured with SFN PDCCH, for determination of two QCL-TypeD properties for multiple monitored overlapping CORESETs, support:
	Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the CORESETs activated with 2 TCI states, with first QCL-typeD as one of the 2 activated TCI states.
	In the case of multiple overlapping CORESETs activated with 2 TCI states have a TCI state with a same QCL-typeD as the first QCL-typeD, Rel-15 priority rule is followed for determining oneCORESET from the multiple CORESETs
Proposal 6	Clarify the RAN1#106bis-e agreement and remove the “FFS:”
Enhanced SFN (scheme 1 or TRP-based pre-compensation scheme) for PDCCH and PDSCH is configured by using separate per-BWP RRC parameters
	In Rel-17, all downlink BWPs (except initial BWP and FFS: BWP-DownlinkCommon) within a CC should be the same configuration of SFN scheme
 
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]“Chair’s Notes RAN1#106bis-e v19”, RAN1 Chair, 3GPP TSG RAN WG1 #106bis-e, October 11th – 19th, 2021


	4/4	
