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1 	Introduction
According to WF [1]-[2], some issues have been concluded in the last meeting. In this paper, we would like to further discuss the open issues for unified TCI state and inter-cell beam management.
2 Discussion
In the following sections, below issues will be discussed sequentially.
· Unified TCI state
· Inter cell beam management
2.1 Unified TCI state
In this section, our views on following sub-issues are provided: (1) UL TCI state, (2) Joint TCI state, (3) SSB indicated as PL-RS, (4) unknown TCI state in TCI state list.

2.1.1 UL TCI state
This issue is regarding whether UE needs to perform the timing tracking for the UL TCI state. In the last meeting, RAN4 agreed no additional timing tracking is needed when source RS in UL TCI state is in the active DL TCI state list. However, for the case when source RS in UL TCI state is not in the active DL TCI state list is still open. The corresponding WF is provided below.
	Issue1-1-1b If source RS in UL TCI state is not in the DL active TCI list:
· Proposals:
· Proposal 1: No additional time/frequency tracking is needed
· Proposal 2: Additional time/frequency tracking is needed
· Proposal 3: No requirement for the case. Adding applicability rules for current UL TCI switching when source RS in active UL TCI state is a subset of source RS in DL active TCI list
· Proposal 4: Check with RAN1 



To our understanding, the additional time/frequency tracking may be needed if the source RS is not in the active DL TCI state list. However, it will increase the UE complexity if UE is required to additionally track time/frequency procedures. So, we think proposal 3 (i.e., no requirement) can be a compromised solution.

[bookmark: _Ref118629656]Proposal 1: No UE requirement applies if source RS in UL TCI state is not in the DL active TCI list. 


2.1.2 Joint TCI state
The clarification of the joint TCI state switch is discussed in several meetings. The corresponding WF is provided below.
	Issue 1-2-1 Joint TCI switching delay requirement
· Proposal:
· For DL TCI state switching,
· [In case of joint TCI state switch, UE is not expected to receive on DL before UE completes the DL and UL TCI state switch.]


For this issue, we suggest removing the bracket in the above proposal. We understand some companies think UE may be able to receive DL signals before UL TCI state switch complete. However, even though UE can receive DL signals before UL TCI state switch complete, UE still cannot transmit ACK/NACK to network. In that case, network still does not know whether the DL signals are received successfully or not. So, in the end, network will continuously schedule same data to UE till ACK/NACK is received. Based on above observation, we think it is unnecessary to require UE to receive DL signals before UE completes the DL and UL TCI state switch.

[bookmark: _Ref115363485]Observation 1: For joint TCI state switch, network does not know whether UE receives DL signal successfully till receiving ACK/NACK from UE.

[bookmark: _Ref115363492]Proposal 2: To remove the bracket for the following sentence in spec. 
· “For DL TCI state switching, [In case of joint TCI state switch, UE is not expected to receive on DL before UE completes the DL and UL TCI state switch.]”.

2.1.3 SSB indicated as PL-RS
In the previous meeting, some companies propose to extend the existing delay requirement when the SSB is indicated as PL-RS. The existing delay requirement is provided below. 
Content extracted from TS 38.133
	8.16.3	MAC-CE based uplink TCI state switch delay
…
For separate UL TCI state switch or joint TCI state switch for PUCCH or PUSCH, or semi-persistent/aperiodic/periodic SRS, when beamCorrespondenceWithoutUL-BeamSweeping is set to 1, upon receiving PDSCH carrying MAC-CE activation command in slot n on serving cell, 
· If target TCI state is known,  
· The UE shall be able to transmit uplink signal with the target TCI state in the slot n+THARQ + 3ms + NM* (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms). 
· If target TCI state is unknown,  
· The UE shall be able to transmit uplink signal with the target TCI state in the slot n+THARQ + 3ms + TL1-RSRP + Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms. 



The reason why some companies think UL TCI state switch delay can be extended when the SSB is indicated as PL-RS is that for SSB based L1-RSRP measurement, scaling factor N for beam sweeping is always assumed. However, to our understanding, it is too long and unnecessary if UE is required to measure the extra 5 PL-RS samples on each UE Rx beam. To be more precise, if target UL TCI state is known, that means UE has already known the best UE Rx beam to receive DL source RSs associated with the target UL TCI state. If target UL TCI state is unknown, UE is already provided with the time TL1-RSRP to indentify the best UE Rx beam. Thus, the best UE Rx beam can be used to receive DL source RSs associated with the target UL TCI state. Therefore, regardless of target TCI state is known or unknown, UE should measure the extra 5 PL-RS samples based on the best UE Rx beam. 

[bookmark: _Ref115363494]Proposal 3: For the case when SSB is indicated as PL-RS, reuse the existing delay requirement of MAC CE based UL TCI state switch.

2.1.4 Unknown TCI state in TCI state list
For R17 unified TCI state switch, whether to introduce unknown TCI state in TCI state list is still open now. In the legacy R15 and R16 requirement, there is no requirement when the TCI state in the list is unknown. To our understanding, the reason is because the requirement of the TCI state list update is to enable the DCI based switch. And the intention of DCI based switch is to quickly switch the TCI state. Therefore, to include the unknown TCI in list will make total delay longer and it seems conflict with the intention of DCI based switch. Based on this observation, for R17 unified TCI state switch, to keep the same requirement as R15/R16 is suggested.

[bookmark: _Ref101443727]Proposal 4: For MAC CE based TCI state list update, requirement is not applicable if unknown TCI state is included in the TCI state list.

2.2 Inter cell beam management

In this section, our views on following sub-issues are provided: (1) Sharing factor design, (2) Scheduling restriction for dynamic TDD.
2.2.1 Sharing factor design
To achieve better forward compatibility, we think a newly simple sharing factor design can be considered. The principle of sharing factor design follows the principle of R17 MG enhancement. As in R17 MG enhancement, a window length will be defined first. The window length is defined as W = max(TSSB, TSSB_CDP, MGRP, TSMTC), where TSSB, TSSB_CDP and TSMTC are periodicity of SSB occasion, SSB from CDP occasion, and SMTC occasion, respectively. In the following, we will introduce the (1) abbreviation (2) principle (3) sharing factor design.

Abbreviation

· Ntotal_CDP ( = 8 in Table 1)
· the total number of SSB occasions for the CDP within the window, including those overlapped with measurement gap occasions or SMTC occasions
· NCDP_outside_SMTC_MG ( = 6 in Table 1)
· the number of SSB CDP occasions that are not overlapped with any measurement gap occasion nor any SMTC occasion within window W
· NCDP_outside_MG: ( = 7 in Table 1)
· the number of SSB CDP occasions that are not overlapped with any measurement gap occasion within window W

[bookmark: _Ref118584893]Table 1. illustration of Ntotal_CDP, NCDP_outside_SMTC_MG and NCDP_outside_MG
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· Ntotal_SC, Ntotal_SC, NSC_outside_SMTC_MG and NSC_outside_MG are for serving cell (SC) and have the same definition as CDP. 
· Psharing_SMTC
· the sharing factor between SSB to be measured for L1 measurement and the SMTC to be measured for L3 measurement
· 1 for FR1 and 3 for FR2, when NSC_outside_SMTC_MG =0
· Psharing_SSB 
· the number of cells have the same modified SSB occasion pattern which is punctured by MG.
· Note: modified SSB occasion pattern is the SSB occasion punctured by MG. For example, as Table 2, the modified SSB occasion pattern of Cell #2 is same as Cell #1 SSB occasion pattern. So, in that case, Psharing_SSB is 2 for both Cell #1 and Cell #2.

[bookmark: _Ref118585280]Table 2. illustration of modified SSB occasion pattern
[image: ]

· If NCDP_outside_SMTC_MG ≠ 0 (the detail will be introduced in principle 1)
· NCDP_outside_SMTC_MG_exclusive
· the number of CDP SSB occasions that are not overlapped with any measurement gap occasion, any SMTC occasion nor any SSB occasion for cells with a longer SSB periodicity within the window W. In other words, these are the number of occasions that can be exclusively shared for cells with the same modified SSB occasion pattern.
· If NSC_outside_SMTC_MG ≠ 0 (the detail will be introduced in principle 1)
· NSC_outside_SMTC_MG_exclusive
· Same definition as CDP.

Principle

To clearly introduce our design, there are two principles to be discussed.

Principle 1: Start from the cell with the shortest SSB periodicity to determine the sharing factor
· We would like to use Table 3 to introduce the detail. In the Table 3, since the periodicity of Cell #3 SSB is shortest, UE will pick up the green SSB occasion to measure but not yellow SSB occasion. So, the NSC_outside_SMTC_MG (6 for Cell #3; green + yellow SSB occasions) is no longer suitable because yellow SSB occasion cannot be used. Instead, NSC_outside_SMTC_MG_longerSSB (4 for Cell #3; green SSB occasions) should be used here.

[bookmark: _Ref118586043]Table 3. illustration of principle 1.
[image: ]

Principle 2: If two cells have the same modified SSB occasion pattern (i.e. punctured by MG), they should be jointly considered.
· As you can see in Table 4, Cell #1 and Cell #2 have the same modified SSB occasion pattern. So, they should be jointly considered, even if they may have different SSB periodicities.
[bookmark: _Ref118586456]Table 4. illustration of principle 2.
[image: ]


Sharing factor design

	For SC,
· If NSC_outside_SMTC_MG = 0,  (fully overlap with MG and SMTC)
· For FR1, PSC = Ntotal_SC / NSC_outside_MG 
· For FR2, PSC = Psharing SMTC * Psharing SSB * Ntotal_SC / NSC_outside_MG 

· If NSC_outside_SMTC_MG ≠ 0  (partially overlap with MG and SMTC)
· For FR1, PSC = Ntotal_SC / NSC_outside _MG
· For FR2, PSC = Psharing SSB *  Ntotal_SC / NSC_outside_SMTC_MG_exclusive

For CDP,

· If NCDP_outside_SMTC_MG ≠ 0 (partially overlap with MG and SMTC)
· For FR1, PCDP = Ntotal_CDP / NCDP_outside _MG
· For FR2, PCDP = Psharing SSB *  Ntotal_CDP / NCDP_outside_SMTC_MG_exclusive


· Note: the case “NCDP_outside_SMTC_MG = 0” is not defined is because RAN4 has agreed no UE requirement applies if all available CDP SSB within SMTC.




To make it clearer, the examples for above equations are provided. (Note: the following example is for FR2 only)

For NSC_outside_SMTC_MG = 0:
· In Table 5, according to the Principle 1, we need to determine sharing factors for CDP #1 first. 
· For CDP #1, Psharing_SSB is 1 because the modified SSB occasion patter of SC #1 and CDP #1 is different. And UE will pick up the green SSB occasions which are not overlapped with SC #1 nor MG. (Note: UE will measure SC #1 rather than CDP #1 in occasion #0. Because the priority of SC #1 measurement is higher than CDP #1.) Therefore, according to the definition, the NCDP_outside_SMTC_MG_exclusive is 2 within window W.
· For SC #1, because SC #1 SSB is fully overlap with SMTC, Psharing_SMTC is 3. And the modified SSB occasion patter of SC #1 and CDP #1 is different so Psharing_SSB is 1. 
· The Ntotal_SC(CDP) and Nsc_outside_MG are calculated according to above definition. The final PSC and PCDP are 3 and 2, respectively.
[bookmark: _Ref118587345]Table 5. illustration of the sample for NSC_outside_SMTC_MG = 0. 
[image: ]

For NSC_outside_SMTC_MG ≠ 0: 
· In Table 6, according to the Principle 1, we need to determine sharing factors for CDP #1 and #2 first. 
· For CDP #1 and #2, considering Principle 2, CDP #1 and #2 is jointly considered, so the Psharing_SSB for both CDP #1 and #2 is 2. Because the periodicity of CDP #1 and #2 is the shortest, UE will pick up the green SSB occasions which are not overlapped with SC #1. So, based on above observation, for CDP #1 and #2, NSC_outside_SMTC_MG_exclusive is 4 (green SSB occasion) within window W. 
· For SC #1, according to the above definition, Psharing_SSB is 1 and NSC_outside_SMTC_MG_exclusive is 2 (purple SSB occasion).
· Eventually, the final PSC and PCDP can be obtained.


[bookmark: _Ref118587391]Table 6. illustration of the sample for NSC_outside_SMTC_MG ≠ 0.

[image: ]

So, based on above analysis, we think this new design is workable, simpler and easier to be extended to the case with more than 2 cells..
[bookmark: _Ref118629669]Proposal 5: The sharing factor in R17 inter-cell L1-RSRP measurement is defined as below:
	For SC,
· If NSC_outside_SMTC_MG = 0,  (fully overlap with MG and SMTC)
· For FR1, PSC = Ntotal_SC / NSC_outside_MG 
· For FR2, PSC = Psharing SMTC * Psharing SSB * Ntotal_SC / NSC_outside_MG 

· If NSC_outside_SMTC_MG ≠ 0  (partially overlap with MG and SMTC)
· For FR1, PSC = Ntotal_SC / NSC_outside _MG
· For FR2, PSC = Psharing SSB *  Ntotal_SC / NSC_outside_SMTC_MG_exclusive

For CDP,
· If NCDP_outside_SMTC_MG ≠ 0 (partially overlap with MG and SMTC)
· For FR1, PCDP = Ntotal_CDP / NCDP_outside _MG
· For FR2, PCDP = Psharing SSB *  Ntotal_CDP / NCDP_outside_SMTC_MG_exclusive




2.2.2 Scheduling restriction for dynamic TDD
One open issue regarding scheduling restriction for dynamic TDD is discussed in the last meeting. To our understanding, there are two points to be clarified. (1) network does not know which exact UL symbol indices are restricted. (2) regardless of how many TA is, only one additional restriction symbol should be considered.
For (1), to our understanding, the TA may be larger than one OFDM symbol. So, according to the following figure, there are two possible cases (a) TA#1 and (b) TA #2. As you can see, different TAs have impact on different symbol index.
For (2), it is obvious that, for different TAs, only one additional margin symbol is sufficient. So it seems no need to consider both before and after. 


Therefore, based on above analysis, following proposal is suggested.
[bookmark: _Ref118629670]Proposal 6: Introduce scheduling restriction for dynamic TDD on serving cell UL symbols which fully or partially (because of TA) overlaps with the SSB for L1-RSRP measurement on cell with different PCI.

3 Summary
In this paper, the discussion of R17 feMIMO is provided. We have the following proposal:
Proposal 1: No UE requirement applies if source RS in UL TCI state is not in the DL active TCI list.
Observation 1: For joint TCI state switch, network does not know whether UE receives DL signal successfully till receiving ACK/NACK from UE.
Proposal 2: To remove the bracket for the following sentence in spec.
· “For DL TCI state switching, [In case of joint TCI state switch, UE is not expected to receive on DL before UE completes the DL and UL TCI state switch.]”.
Proposal 3: For the case when SSB is indicated as PL-RS, reuse the existing delay requirement of MAC CE based UL TCI state switch.
Proposal 4: For MAC CE based TCI state list update, requirement is not applicable if unknown TCI state is included in the TCI state list.
Proposal 5: The sharing factor in R17 inter-cell L1-RSRP measurement is defined as below:
	For SC,
· If NSC_outside_SMTC_MG = 0,  (fully overlap with MG and SMTC)
· For FR1, PSC = Ntotal_SC / NSC_outside_MG 
· For FR2, PSC = Psharing SMTC * Psharing SSB * Ntotal_SC / NSC_outside_MG 

· If NSC_outside_SMTC_MG ≠ 0  (partially overlap with MG and SMTC)
· For FR1, PSC = Ntotal_SC / NSC_outside _MG
· For FR2, PSC = Psharing SSB *  Ntotal_SC / NSC_outside_SMTC_MG_exclusive

For CDP,
· If NCDP_outside_SMTC_MG ≠ 0 (partially overlap with MG and SMTC)
· For FR1, PCDP = Ntotal_CDP / NCDP_outside _MG
· For FR2, PCDP = Psharing SSB *  Ntotal_CDP / NCDP_outside_SMTC_MG_exclusive


Proposal 6: Introduce scheduling restriction for dynamic TDD on serving cell UL symbols which fully or partially (because of TA) overlaps with the SSB for L1-RSRP measurement on cell with different PCI.
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