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Introduction
In Rel.17 NR FeMIMO WID, multi-TRP enhancements for HST-SFN are given as follows [1]:
	Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework



This contribution provides Samsung’s view on the highlighted topic above.

UE-based enhancements for HST-SFN
1 
2 
A typical deployment scenario for HST system is to place multiple RRHs which are connected to a BBU and distributed along the railway. In such scenario, the NW can transmit DL data to an HST UE via SFN manner due to the difficulty to track accurate position of the UE. This type of transmission provides more reliable transmission than using one nearest RRH. In addition, received signal power at the UE side can be boosted via SFN transmission.
To reap the benefit of SFN transmission via HST, the set of participating RRHs in the transmission should be selected carefully. For example, the following can be considered:
i) Transmission delay of each RRH-UE link: It is beneficial to form the set of RRHs such that their aggregate SFN delay spread to UE is within a CP, otherwise UE would experience ISI.
ii) UE complexity: UE experiences multiple Doppler shifts, each coming from an RRH participating in the SFN transmission. As the number of RRHs increases, UE processing complexity also increases to track increased number of Doppler shifts.
As a result, NW firstly forms multiple SFN combinations, and then chooses an appropriate combination for transmission depending on the position and processing capability of UE. Figure 1 shows an example of transmission scenario when 4 RRHs are in the network and located equi-distantly with D. In this example, it is assumed that each RRH uses bi-directional beams, each with separate TRS and up to 4 adjacent RRHs (that is RRHs within 2D distance from a UE) participate in SFN transmission. In this set-up, the list of all possible SFN combinations can be found in Table 1.
[image: ]
Figure 1. Example of transmission scenario in bi-directional 4-RRH network

Table 1. List of possible SFN combinations in Figure 1
	# of RRHs for SFN
	List of SFN combinations
	# of combinations

	Single RRH (DPS)
	#0L, #0R, #1L, #1R, #2L, #2R, #3L, #3R
	8

	Two RRHs
	{#0L,#1L}, {#0R,#1L}, {#0R,#1R}, {#1L,#2L}, {#1R,#2L}, {#1R,#2R}, {#2L,#3L}, {#2R,#3L}, {#2R,#3R}
	9

	Three RRHs
	{#0R,#1L,#2L}, {#0R,#1R,#2L}, {#1R,#2L,#3L}, {#1R,#2R,#3L}
	4

	Four RRHs
	{#0R,#1R,#2L,#3L}
	1

	Total # of combinations
	22



When a NW relies on Rel-16 QCL framework, the Doppler shift, and Doppler spread property of SFNed target channel are inferred from a single TRS. It implies that when the NW is to use multiple SFN combinations for data and RS transmission it needs to configure the corresponding number of TRSs. In other words, if the NW is to use all SFN combinations according to Table 1, it needs to configure 22 TRSs. This would result in excessive use of NW resources only for TRS transmissions. According to our analysis, TRS overhead ratio from the total REs in NW is 36.5% for N = 8 RRHs as shown in Table 2, where the detailed assumptions are provided in the appendix. Note that the overhead ratio would further increase as the number of RRHs and/or the number of Tx beams per RRH increases, which can be excessive especially in FR2.
Observation 1. Rel-16 QCL framework requires excessive TRS overhead to support HST-SFN.

To solve the TRS overhead problem, we propose an extension of the QCL framework to allow the QCL properties, e.g., Doppler shift and Doppler spread associated with PDSCH can be inferred from multiple TRSs. In this extended QCL framework, NW does not need to configure separate TRS per each SFN combination. Rather, it only needs to configure one TRS per RRH per beam. Then NW indicates UE about QCL property of a SFNed target channel via a list of TRSs corresponding to the RRHs participating in SFN transmission. TRS overhead reduction according to the QCL framework enhancement is analyzed in Table 2 for the bi-directional N-RRH network. Note that the TRS overhead can be reduced from 36.5 % to 15.4% (57.9% ratio reduction) for N = 8.
Observation 2. QCL framework enhancement can reduce TRS overhead significantly compared to Rel-16 QCL framework for HST-SFN.

Table 2. TRS overhead analysis for Rel-16 QCL framework vs. extended QCL framework
	
	# of TRSs
	TRS overhead
	TRS overhead ratio
	Overhead ratio reduction

	
	Rel-16 QCL
	QCL enhancement
	Rel-16 QCL
	QCL enhancement
	Rel-16 QCL
	QCL enhancement
	

	N = 4
	22
	8
	13,200 REs
	4,800 REs
	21.2%
	7.7%
	63.7%

	N = 6
	30
	12
	18,000 REs
	7,200 REs
	28.8%
	11.5%
	60.0%

	N = 8
	38
	16
	22,800 REs
	9,600 REs
	36.5%
	15.4%
	57.9%



The extended QCL framework is also beneficial in reducing UE complexity in estimating Doppler shifts from TRS. In Rel-16 HST-SFN, the gNB transmits TRS in an SFNed manner and the UE has to track multiple Doppler shifts from the TRS. However, QCL framework enhancement allows gNB to transmit non-SFNed TRS and the UE is sufficient to track only a single Doppler shift per TRS. Figure 3 and Table 3 show the performance of Doppler shift tracking by a single SFNed TRS vs. three non-SFNed TRS in a 3-RRH network (estimation accuracy is improved by 64%). Assume that the UE tracks Doppler shifts of two nearest RRHs at a time. By using multiple non-SFNed TRS, the UE can achieve better Doppler shift tracking performance than SFNed TRS while requiring lower complexity. For example, the UE may suffer from large estimation errors from SFNed TRS as marked with red circles in the left figure. Such error occurs in the case that the transmission delays from RRHs to UE are almost the same so that their Doppler shifts are non-resolvable from SFNed TRS. If we use separate TRS per RRH, such error would not occur.
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Figure 2. Doppler shift estimation in a 3-RRH network

Table 3. Mean absolute error of estimated Doppler shift
	SFNed TRS
	Separate TRS per RRH
	Error reduction by using separate RRH

	113.4 Hz
	40.8 Hz
	72.6 Hz (64.0%)



Observation 3. QCL framework enhancement that allows UE to track only a single Doppler shift per TRS in HST-SFN results in better estimation performance and lower complexity compared to Rel-16.

gNB-based enhancements for HST-SFN
3 
4 
In RAN1#102-e, the following three steps were defined for gNB pre-compensation procedures:
	Agreement
For discussion purpose consider the following three steps for TRP-based frequency offset pre-compensation scheme:
· 1st step: Transmission of the TRS resource(s) from TRP(s) without pre-compensation
· 2nd step: Transmission of the uplink signal(s)/channel(s) with carrier frequency determined based on the received TRS signals in the 1st step
· 3rd step: Transmission of the PDCCH/PDSCH from TRP(s) with frequency offset pre-compensation determined based on the received signal/channel in the 2nd step
· Note: A second set of TRS resource(s) may be transmitted at 3rd step. 



In the second step, UE informs Doppler shifts to the TRPs participating in SFN transmission via the two options:
· Option 1. UE transmits UL signal, e.g., SRS, and each TRP measures the UL signal to obtain Doppler shift
· Option 2. UE reports the measured Doppler shift from the 1st step via CSI report
Option 1 can be supported by gNB implementation by measuring Doppler shift from existing SRS for UL sounding purpose, so that no additional specification impact or RS overhead are needed. However, Option 2 requires additional specification support to define new UCI for Doppler shift reporting, and also requires additional UL resource for the new UCI. Hence in our view, Option 1 is preferred rather than Option 2.
Overall Doppler shift measurement procedure according to Option 1 is depicted in Figure 4. In Figure 4, UE receives separate TRSs from TRP#0 and TRP#1. Then, UE transmits an UL signal with frequency  which are received with frequencies  and  at TRP#0 and TRP#1, respectively, where  and  are Doppler shifts at TRP#0 and TRP#1, respectively. From the UL signal, gNB obtains the frequency offset between TRP#0 and TRP#1, , to be used for pre-compensation. In this procedure, when multiple TRSs are received with different frequencies the value of UL frequency  is not defined in current specification so that it is up to UE implementation how to determine the value of . 
There were discussions in RAN1#102-e meeting whether it is needed to indicate the UL frequency  for UL signals used in pre-compensation purpose. In our view, indicating  is not needed because the frequency offset measured at gNB, , does not contain the component  such that the pre-compensated value at gNB won’t differ regardless of .
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Figure 4. Pre-compensation procedure according to Option 1.

Observation 4. In HST-SFN environment configured with multiple per-TRP TRSs, it is up to UE implementation how to determine UL frequency.
Proposal 1. Regarding the 2nd step for gNB pre-compensation procedure:
· Support Option 1 (Doppler shift measurement at TRP side by UL RS)
· There’s no need to indicate UL frequency to UL signals/channels for pre-compensation purpose
· There’s no need to consider QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step for pre-compensation purpose.

In the third step, TRP#0 transmits signal with frequency  while TRP#1 transmits signal with frequency  for pre-compensation purpose. Then UE would receive SFNed signal from the two TRPs where frequency offset observed in the second step is removed.
One issue on the third step is to determine the target channel where the pre-compensation applies. In our view, it is needed to apply pre-compensation for PDSCH and PDCCH, and furthermore for TRS. As Rel-16 QCL framework mandates PDSCH and PDCCH to be in QCL linkage with TRS with QCL-TypeA, implying that Doppler shift and spread properties of PDSCH/PDCCH are inferred from the TRS, it is evident that TRS should be pre-compensated first to support pre-compensated PDSCH/PDCCH.
A drawback of supporting pre-compensated TRS is that the TRS needs to be UE specific since each UE faces different relative speed, resulting in the necessity of different pre-compensation value. For the system with lots of UEs, periodically transmitting such TRS imposes high RS overhead. An effective way to relieve such overhead is using AP-TRS only for pre-compensation, but it needs enhancement from the current spec. In Rel-16, the AP-TRS is restricted to be QCL’ed with P-TRS according to QCL-TypeA which implies that the AP-TRS cannot have different Doppler shift from its QCL’ed P-TRS, i.e., AP-TRS alone cannot be pre-compensated.
For pre-compensation of AP-TRS, we can introduce a new QCL type which does not contain Doppler shift property, i.e., Variant A or Variant E with dropping some QCL parameters as discussed in RAN1#103-e. Then, pre-compensated AP-TRS can be QCL’ed with non pre-compensated TRSs via the new QCL type as shown in Figure 4. Pre-compensated PDSCH or PDCCH can be QCL’ed with the AP-TRS via existing QCL type, e.g., QCL-TypeA and QCL-TypeD, which can be a case of Variant E.
Proposal 2. Regarding the 3rd step for gNB pre-compensation procedure:
· Support non pre-compensated P-TRS, which Variant A or E can be applied, to be used as QCL reference of pre-compensated AP-TRS
· Support pre-compensated AP-TRS, which Variant E can be applied, to be used as QCL reference of pre-compensated PDCCH/PDSCH.

SFN transmission of PDCCH from multi-TRP
0. Default beam for PUCCH, PUSCH, and SRS
Regarding SFN transmission of PDCCH from multi-TRP, the current default spatial relation and pathloss reference RS (PL-RS) for PUCCH, PUSCH, and SRS would be affected. As a result of the possibility of SFN transmission of PDCCH from multi-TRP, the existing method based on current specification to derive a default spatial setting and PL-RS for PUCCH, PUSCH, and SRS cannot directly be applied. This is a direct consequence of the existence of multiple TCI states associated to the SFNed CORESET with the lowest ID. Therefore, it is required to resolve this ambiguity.
However, the current specification considers the only case of a single default spatial relation and PL-RS for PUCCH, PUSCH, and SRS. In Rel-17, the multiple default spatial relations and PL-RSs can be also considered at least for multi-TRP based PUCCH and PUSCH repetition. For PUCCH or PUSCH repetition intended towards multi-TRP, if certain conditions are fulfilled, it is natural to select multiple default spatial relations so that each spatial relation can be mapped to the PUCCH or PUSCH repetitions towards a corresponding TRP similar with two default TCI states in Rel-16 PDSCH TDMed repetition. Otherwise, for example, if a single default PL-RS is selected based on only one TCI state (spatial relation from a certain TRP), then the computed PL may not be accurate to compensate PL in PUCCH or PUSCH repetitions towards the remaining TRPs. Similarly, if a spatial setting is selected based on a single TCI states, then the PUCCH transmissions towards the remaining TRPs may not be correctly beamformed. Therefore, it is essential to consider multiple default beams for multi-TRP based PUCCH or PUSCH repetitions.

Proposal 3. Support to study the default spatial relation and PL-RS for PUCCH, PUSCH, and SRS for SFN transmission of PDCCH.
Proposal 4. Support to study the two default spatial relations and PL-RSs at least for PUCCH and PUSCH for both SFN transmission of PDCCH and multi-TRP PUCCH/PUSCH repetition.

0. Default TCI for single-TRP PDSCH reception
In RAN1#105-e, the default TCI for single-TRP PDSCH reception was discussed. If a UE is not configured with Rel-17 SFN PDSCH reception (i.e., single-TRP PDSCH, neither Rel-17 scheme 1 nor pre-compensation scheme), a CORESET is activated with two TCI states and time offset between the reception of the DL DCI, the corresponding PDSCH is less than the threshold timeDurationForQCL, and if enableTwoDefaultTCI-States is not configured, the following alternatives were discussed.
· Alt 1: gNB ensures the lowest CORESET ID in the latest slot only configured one TCI state by implementation
· Alt 2: Modify the definition of the lowest CORESET ID in the latest slot, e.g. the lowest CORESET ID among the CORESETs associated with one TCI state in the latest slot.
· Alt 3: QCL assumption associated with one TCI state of the lowest CORESET ID in the latest slot, if there are two activated TCI states for the CORESET with the lowest CORESET ID, one of two TCI states will be selected, e.g. always selects the first or the second TCI state or the TCI state with a lower ID.

Our view is that one of Alt 2 or Alt 3 can be a promising solution. It seems that Alt 1 is too restrictive to schedule PDCCH and PDSCH from gNB perspective. Further, Alt 2 seems slightly restrictive rather than Alt 3 since the default TCI is only selected among CORESETs with a single TCI state. Based on the flexibility, we support Alt 3.
Moreover, when we consider default TCI for single-TRP PDSCH reception, the case when CORESET and PDSCH is overlapped can be also considered, which is captured at Clause 5.1.5 in TS38.214 highlighted as follows.
	Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
· the UE may assume that the DM-RS ports of PDSCH(s) of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the qcl-Type is set to 'typeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers).



Similar with the highlighted sentence above, we can consider the case when the CORESET, which is activated with one or two TCI states, is overlapped with the scheduled single-TRP PDSCH. This can be extended to the intra-band CA case as well. To make the specification as a complete one, our view is to consider the overlapped CORESET which is activated one or two TCI states and is located in same or different component carrier with the scheduled single-TRP PDSCH.

Proposal 5. Support Alt 3 (QCL assumption associated with one TCI state of the lowest CORESET ID in the latest slot, if there are two activated TCI states for the CORESET with the lowest CORESET ID, one of two TCI states will be selected, e.g. always selects the first or the second TCI state or the TCI state with a lower ID) to determine default beam(s) for single-TRP PDSCH reception.
Proposal 6. Support to consider the case when the CORESET, which is overlapped with the scheduled single-TRP PDSCH reception in same carrier or intra-band CA, is activated one or two TCI states.

0. Default TCI for Rel-17 SFN PDSCH reception
In RAN1#105-e, the following agreement was made, which is related to default TCI for Rel-17 SFN PDSCH reception.
	Agreement
If enhanced SFN PDCCH transmission scheme (scheme 1 or TRP -based pre-compensation) is configured and a CORESET is activated with two TCI states and UE is configured with enableTwoDefaultTCI-States and time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, down-select rule to determine default beam(s) for Rel-17 SFN PDSCH reception in RAN1#106-e:
· Alt 1: Reuse rule to determine TCI states as defined for Rel-16 PDSCH scheme-1a
· Alt 2: Introduce new rules to determine TCI states based on two TCI state(s) of the CORESET 



Until Rel-16, if neither enableDefaultTCI-StatePerCoresetPoolIndex nor enableTwoDefaultTCI-States is configured, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH(s) of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. However, if a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. This means that if enableTwoDefaultTCI-States is configured, the default TCI is not affected by TCI state of CORESET. Also, since the Rel-16 mTRP schemes and Rel-17 SFN PDSCH reception schemes are distinguished by RRC parameter, we cannot find the reason why a new rule (like Alt 2) is needed, which makes UE’s default beam behavior more complex. Further, the existing rule (like Alt 1) can even be applied to the case when a CORESET is activated with a single TCI state if a configuration for single-TRP PDCCH and SFN PDSCH is allowed.

Similar with determining the default TCI for single-TRP PDSCH reception, we also consider the case when a CORESET and the scheduled PDSCH is overlapped, which is captured at Clause 5.1.5 in TS38.214 highlighted as follows. Even in the reception for Rel-17 SFN PDSCH, the case for the CORESET, which is activated one or two TCI states, is overlapped and located in same or different component carrier with the scheduled Rel-17 SFN PDSCH should be also considered.
	Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
…
· If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion. In this case, if the 'QCL-TypeD' in both of the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers)



Proposal 7. Support Alt 1 (Reuse rule to determine TCI states as defined for Rel-16 PDSCH scheme-1a) to determine default beam(s) for Rel-17 SFN PDSCH.
Proposal 8. Support to consider the case when the CORESET, which is overlapped with the scheduled Rel-17 SFN PDSCH reception in same carrier or intra-band CA, is activated one or two TCI states.

0. PDCCH monitoring with different QCL-TypeD
Until RAN1#105-e, it was discussed to study a new priority rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasion with different QCL-TypeD when CORESET is indicated with two TCI states. This enhancement is necessary since UE monitors PDCCH only in a CORESET having the same QCL-TypeD as the CORESET determined from the priority rule defined in TS38.213 as follows.
· the CORESET corresponds to the CSS set with the lowest index in the cell with the lowest index containing CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index
· the lowest USS set index is determined over all USS sets with at least one PDCCH candidate in overlapping PDCCH monitoring occasions

Considering two activated TCI states for a CORESET, the extension from the current priority rule to a new rule should require to define which one has higher priority between the following each combination.
1) CORESET (2 TCIs) corresponding to m-th CSS vs. CORESET (1 TCI) corresponding to n-th CSS
2) CORESET (2 TCIs) corresponding to m-th USS vs. CORESET (1 TCI) corresponding to n-th USS
3) CORESET (2 TCIs) corresponding to m-th CSS vs. CORESET (2 TCI) corresponding to n-th USS
4) CORESET (2 TCIs) corresponding to m-th CSS vs. CORESET (1 TCI) corresponding to n-th USS
5) CORESET (2 TCIs) corresponding to m-th USS vs. CORESET (1 TCI) corresponding to n-th CSS
6) CORESET (2 TCIs) corresponding to m-th CSS vs. CORESET (2 TCI) corresponding to n-th CSS
7) CORESET (2 TCIs) corresponding to m-th USS vs. CORESET (2 TCI) corresponding to n-th USS

Regarding the above cases for both 1) and 2), in order to enable a UE to receive CORESET with two TCI states, the CORESET in the left-hand-side would be prioritized regardless of the value of indexes m and n. Regarding the above cases from 3) to 5), the natural extension from the current specification is that the CORESET corresponding to the CSS set is prioritized to the CORESET corresponding to the USS set, regardless of the value of indexes m and n, and the number of activated TCI states. Regarding the above cases for both 6) and 7), if m<n, the CORESET corresponding to the m-th CSS (or USS) has higher priority than that of the n-th CSS (or USS), which is similar with the case of a single TCI state in the current specification.
Proposal 9. Support the enhanced prioritization rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasion with different QCL-TypeD when CORESET is indicated with two TCI states.
· Regardless of the values of m and n, the CORESET with 2 TCI states corresponding to m-th CSS (or USS) has higher priority than the CORESET with a single TCI state corresponding to n-th CSS (or USS).
· Regardless of the values of m, n, and the number of activated TCI states for each CORESET, the CORESET corresponding to m-th CSS has higher priority than the CORESET corresponding to n-th USS.
· Similar with the current specification, if m<n, the CORESET corresponding to the m-th CSS (or USS) has higher priority than that of the n-th CSS (or USS)
If the priority considering two activated TCI states for a CORESET is defined and the corresponding CORESET with the highest priority (i.e., reference CORESET) is activated with two TCI states, it should be determined which CORESETs other than the reference CORESET can be monitored considering the highlighted word “same” in the following part of the Clause 10.1 in TS 38.213.
	If a UE 
· is configured for single cell operation or for operation with carrier aggregation in a same frequency band, and 
· monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have been configured with same or different qcl-Type set to 'typeD' properties on active DL BWP(s) of one or more cells 
the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESETs that have been configured with qcl-Type set to same 'typeD' properties as the CORESET, on the active DL BWP of a cell from the one or more cells



If the reference CORESET is activated with TCI states, e.g., TCI states (a, b), our view is that the UE can monitor PDCCHs in any other CORESET from the multiple CORESETs that have been configured with TCI state(s) (a, b), a only, or b only on the active DL BWP of a cell from the one or more cells. That means, the word in current specification “same” should include all the subset (i.e., (a,b), a, and b) of all TCI states of the reference CORESET.
Proposal 10. For the QCL prioritization rule for PDCCH reception, if a UE monitors a first CORESET with TCI states (a, b) from multiple CORESETs, the UE also monitors any other CORESETs with TCI state(s) (a,b), a, or b which is activated with the subset of TCI states from the reference CORESET.
Conclusion
In this contribution, the following observations and proposals are given: 
Observation 1. Rel-16 QCL framework requires excessive TRS overhead to support HST-SFN.
Observation 2. QCL framework enhancement can reduce TRS overhead significantly compared to Rel-16 QCL framework for HST-SFN.
Observation 3. QCL framework enhancement that allows UE to track only a single Doppler shift per TRS in HST-SFN results in better estimation performance and lower complexity compared to Rel-16.
Observation 4. In HST-SFN environment configured with multiple per-TRP TRSs, it is up to UE implementation how to determine UL frequency.

Proposal 1. Regarding the 2nd step for gNB pre-compensation procedure:
· Support Option 1 (Doppler shift measurement at TRP side by UL RS)
· There’s no need to indicate UL frequency to UL signals/channels for pre-compensation purpose
· There’s no need to consider QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step for pre-compensation purpose.
Proposal 2. Regarding the 3rd step for gNB pre-compensation procedure:
· Support non pre-compensated P-TRS, which Variant A or E can be applied, to be used as QCL reference of pre-compensated AP-TRS
· Support pre-compensated AP-TRS, which Variant E can be applied, to be used as QCL reference of pre-compensated PDCCH/PDSCH.
Proposal 3. Support to study the default spatial relation and PL-RS for PUCCH, PUSCH, and SRS for SFN transmission of PDCCH.
Proposal 4. Support to study the two default spatial relations and PL-RSs at least for PUCCH and PUSCH for both SFN transmission of PDCCH and multi-TRP PUCCH/PUSCH repetition.
Proposal 5. Support Alt 3 (QCL assumption associated with one TCI state of the lowest CORESET ID in the latest slot, if there are two activated TCI states for the CORESET with the lowest CORESET ID, one of two TCI states will be selected, e.g. always selects the first or the second TCI state or the TCI state with a lower ID) to determine default beam(s) for single-TRP PDSCH reception.
Proposal 6. Support to consider the case when the CORESET, which is overlapped with the scheduled single-TRP PDSCH reception in same carrier or intra-band CA, is activated one or two TCI states.
Proposal 7. Support Alt 1 (Reuse rule to determine TCI states as defined for Rel-16 PDSCH scheme-1a) to determine default beam(s) for Rel-17 SFN PDSCH.
Proposal 8. Support to consider the case when the CORESET, which is overlapped with the scheduled Rel-17 SFN PDSCH reception in same carrier or intra-band CA, is activated one or two TCI states.
Proposal 9. Support the enhanced prioritization rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasion with different QCL-TypeD when CORESET is indicated with two TCI states.
· Regardless of the values of m and n, the CORESET with 2 TCI states corresponding to m-th CSS (or USS) has higher priority than the CORESET with a single TCI state corresponding to n-th CSS (or USS).
· Regardless of the values of m, n, and the number of activated TCI states for each CORESET, the CORESET corresponding to m-th CSS has higher priority than the CORESET corresponding to n-th USS.
· Similar with the current specification, if m<n, the CORESET corresponding to the m-th CSS (or USS) has higher priority than that of the n-th CSS (or USS)
Proposal 10. For the QCL prioritization rule for PDCCH reception, if a UE monitors a first CORESET with TCI states (a, b) from multiple CORESETs, the UE also monitors any other CORESETs with TCI state(s) (a,b), a, or b which is activated with the subset of TCI states from the reference CORESET.
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