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Introduction
RAN4 #104-bis-e discussed the remaining issues of Rel-17 feMIMO WI with RRM core requirements. The outcome of the unified TCI switching delay requirements was captured in the WF in [1]. 
A number of aspects are still open related to FeMIMO such as Time tracking, interruption time, unknown TCI state scenario and PL-RS related. The aspect of PL-RS has its roots in Rel-16 MIMO where RAN4 defined requirements for Pathloss reference signal switching delay in section 8.14. Those requirements were based on the RAN1 wording and introduced the condition ‘maintained’ however without defining ‘maintained’.
Additionally, in RAN4 #104-e, RAN4 sent an LS to RAN1 asking about the number of PL-RS to be maintained by the UE [2]. This LS was replied in [3].
In this document, the following issues are discussed:
· Time tracking if source RS in UL TCI state is not in the DL active TCI list
· Reducing the DL interruption during Joint TCI switching delay requirement for DL TCI state switch
· Whether to consider unknown TCI state in the TCI state list
· PL-RS discussions and discussions on the definition of ‘maintained PL-RS’
Discussion
Time tracking if source RS in UL TCI state is not in the DL active TCI list
In RAN4 #104-e-bis it was discussed whether the UE needs to track the time for the UL active TCI state. The discussion was captured in the following issues: 
	Issue1-1-1a If source RS in UL TCI state is in the DL active TCI list:
· Agreements:
· No additional time/frequency tracking for the source RS in UL TCI state is needed during TCI state switch 
 
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 




In Rel-17, the scenario for UL m-TRP (e.g. where the TRPs are from different cells) considers that the propagation delay difference between the signals from different TRPs is at most the CP length (±CP/2). This guarantees that the UE is capable of correctly receiving from two TRPs. Assumption is that these two TRPs are not located at the same physical location. 
Currently, for the DL TCI state switching and time tracking, according to specification TS 38.306, the UE is required to perform time/frequency tracking for each TCI state in the list of active TCI states. Therefore, the agreement in RAN4 #104-bis-e is that no additional time frequency tracking is needed provided the source RS of the UL TCI state is in the active TCI state list.
However, it is a UE capability how many TCI state the UE support in the list of active TCI states for non-unified TCI. Our understanding is that this can be between 1 and 8. Currently, the same capabilities for unified TCI state have not yet been defined for the unified TCI states. 
In Rel-16, the DL/UL TCI state change relied on channel reciprocity. In Rel-17, for the unified TCI state work this may not always be applied, and the following situation is possible: the DL and UL TCI states are associated to different TRPs.
[image: ]
Figure 1 - Propagation delay difference in an intra-cell m-TRP scenario
Up to Rel-16 the DL/UL relied on channel reciprocity. In Rel-17, decoupled DL and UL is possible.
Let’s consider that the DL propagation delay difference is equal to CP, and that the UE is deriving timing from DL-RS associated to TRP 1 and the UE is transmitting to TRP 2, as in Figure 1. Currently, according to timing requirements in TS 38.133, Table 7.1.2-1 the UE shall have capability to follow the frame timing change of the reference cell in connected state and keep the transmission timing error within +-Te. The reference cell is referring to the cell in which the UE is transmitting in UL.
The Te values are a fraction of the CP length for each SCS, as in the table below, considering that the SCS of the SSB and the SCS of the uplink signals are the same:
	SCS [kHz]
	CP Length [μs]
	Te[μs]
	Te/CP [%]

	15
	4.7
	0.39
	8.3%

	30
	2.3
	0.26
	11.3%

	120
	0.59
	0.11
	19%



The UL transmit timing requirements are based on that the UE is tracking the DL frame timing of the reference cell, where the reference cell is the cell where the UE is transmitting in UL. There is no mentioning the UE requirements related to tracking of the DL frame timing from specific TRPs of a cell. From this it is obvious that the UE cannot use the frame timing from TRP1 as base for UL transmit timing to TRP2 as the UE shall use the DL frame timing from TRP2 when transmitting to TRP2.
UE shall use the DL frame timing of the TRP towards which the UE is performing UL transmission.
The UL transmit timing requirement is in place to ensure the network reception. If the UL transmit timing is not as expected, UL transmissions from the UE may not be received by the gNB which of course impacts also the UE and overall performance. The UL transmission is relative to the DL reception in the cell/TRP (towards which the UL transmission is targeted) and for not collocated deployments their cannot be assumed to use the received DL frame timing from the cells/TRPs for UL transmission to another cell/TRP. 
The current specification is not clear related to ‘active’ TCI state for UL for non-unified TCI state as the assumptions are based on UL/DL reciprocity. For unified TCI states the UE behavior is not clear regarding how a UE manages active UL TCI in a similar manner to active DL TCI. 
[bookmark: _Hlk113437928]For DL case, if target TCI state is in the active TCI state list for PDSCH/PDCCH, the UE is tracking fine time and frequency synchronization on the resource RS. When DL TCI state change is indicated with a target TCI state in the active TCI state list, the UE can switch to the target TCI state and can immediately receive and demodulate the PDCCH/PDSCH, after the TCI state switch delay without need for reception of additional SSB/TRS. As captured below. 
In 38.306, DL TCI case clearly specifies maxNumberActiveTCI-PerBWP in tci-statePDSCH, and a UE should track time and frequency sync.
	tci-StatePDSCH  TS38.306
-     maxNumberActiveTCI-PerBWP indicates the maximum number of activated TCI-states per BWP per CC, including control and data. If a UE reports X active TCI state(s), it is not expected that more than X active QCL type D assumption(s) for any PDSCH and any CORESETs for a given BWP of a serving cell become active for the UE. The UE shall include this field. Note the UE is required to track only the active TCI states.



A UE shall acquire and keep time and frequency tracking of the cell and to the source RS associated to the UL TCI for UE to perform any UL transmission. This is the condition as is necessary for the UE to perform DL reception. A UE is not allowed to transmit PUCCH/PUSCH/SRS (or any UL signal) independently from or without firstly perform DL synchronization to the cell/TRP which the UE transmits to. The maxNumberActiveTCI-PerBWP under tci-StatePDSCH is about supported number of activated TCI-states per BWP per CC for both DL for non-unified TCI states and associated UL.
For unified TCI states the UE can be configured with a number of TCI states which can be then activated using a MAC command (Unified TCI state activation/deactivation MAC CE). It is possible to activate up to 8 joint and/or separate TCI states (we assume the actual number supported by the UE will be a UE capability). 
Each of the activated TCI states can be indicated afterwards for active use by the UE. Hence, the UE will use the indicated TCI states to reception and transmission. Such indication is done using DCI. The DCI indicated activated TCI states are indicated TCI state and indicated TCI state can be of any type of: 
· PDCCH, 
· PDSCH, 
· CSI-rs, 
· PUCCH, 
· PUSCH, 
· SRS
Focusing on the UL the UL spatial filter is derived from the RS of DL QCL Type D of TCI state (the DL RS associated with the indicted UL TCI state).
There is no explicit definition of active TCI state for UL. 
However, in order to enable fast TCI change of the activated TCI states using DCI – and adding a TCI state to the indicated TCI states, the UE need to track the DL timing of the activated states including any DL associated to an UL TCI state.
A UE shall acquire and keep time and frequency tracking on the DL source RS associated to the UL TCI state in the active TCI states.
In general, an UL TCI state will never be configured without an associated DL RS. Hence, any UL TCI state in the activated TCI state list will always have an associated DL RS configured. However, for the case when MAC activates TCI the active TCI state list, it may happen that the network indicates an UL TCI state before UE has acquired accurate time tracking based on the associated DL RS.
If source DL-RS in UL TCI state is not in the DL active TCI list, additional time/frequency tracking is needed for the UL TCI state.
Clarify with RAN1 whether the UE is required to time track of DL-RSs associated to UL TCI states in the active TCI state list.
Check with RAN1 if UE is required to do DL time tracking for an UL TCI state in the active TCI state list.
 Joint TCI state switching requirement

In RAN4 #104-e-bis the following was captured in the WF [1]:  
	Issue 1-2-1 Joint TCI switching delay requirement for DL TCI state switch
· Proposals:
· Proposal 1(Intel, MTK, vivo, Apple, Samsung,vivo, Qualcomm, ZTE):
· Remove the square bracket: 
-   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 2(Nokia):
· For joint TCI state switch, if the UL TCI state switch delay exceeds the DL TCI state switch delay, the UE is required to receive in DL up to THARQ before it completes UL TCI state switch.



In legacy DL TCI state switch delay, the UE Is expected to receive in DL as soon as the DL TCI state switch is completed. For the joint TCI state switch, there could be different delays considering whether the UL or DL states are known or unknown or the PL-RS is maintained or not maintained.
In DL TCI state switch delay, the UE is expected to receive as soon as the DL TCI state switch is completed. 
Proposal 1 in the WF from last meeting suggests that in order to receive on DL, the UE needs also to wait for the completion on the UL. However, DL TCI state switching and reception using the new TCI state in DL is independent from UL TCI state switch. Hence, the DL reception is feasible before UL TCI switch is completed. 
Considering that among the terms to be considered in the UL TCI state switch there is the PL-RS maintenance, which can lead to a very long delay in case the PL-RS is not maintained by the UE, the network would not be able schedule the UE in DL for a very long time in case of joint TCI state switch. Additionally, it is currently not clear exactly what PL-RS refers to and how ‘maintained’ is defined.
For UL TCI state switch, the network is not aware of whether the PL-RS is maintained or not maintained at the UE in case the number of activated TCI states is greater than four. 

Therefore, in joint TCI state switch, if the UE can only be scheduled in DL when the UL TCI state switch is completed, the network needs to assume a very relaxed TCI state switch delay and the UE cannot be scheduled for a long period in both DL and UL.

Our understanding is that in joint TCI state switch, the UE can receive in DL when the DL TCI state switching is completed. Independently of the UL TCI state switch status. 

However, for the joint TCI state switch, after the DL TCI state switch is complete, the UL TCI state switch status, which the UE will for UL transmission including HARQ feedback, is unclear until the UL TCI state switch is completed. 
In RAN4 #104-e it has been discussed in the summary whether to use the old UL TCI state to send HARQ feedback until the UL TCI state is not complete, but the proposal was not agreed. 
As the UE would be ready to receive in DL after the DL TCI state switch is completed such DL reception could be initiated at least THARQ before the UL TCI state is completed and UE would be able to send HARQ feedback for the received DL data. This will reduce the scheduling loss and TCI switch impact for joint TCI state changes.
 For joint TCI state switch, if the UL TCI state switch delay exceeds the DL TCI state switch delay, the UE is required to receive in DL up to THARQ before it completes UL TCI state switch.

PL-RS related discussions 
The aspect of PL-Rs has been discussed for quite many meetings and includes now multiple different parts:
· If the UE is configured with more than 4 PL-RS
· Common understanding of PL-RS and definition of maintained PL-RS
· MAC CE based UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2
In RAN4 #104-e-bis the following was discussed: 
	Issue 1-2-2 MAC-CE based UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2
· Proposals
· Proposal 1(Apple, Samsung, Huawei):
· When PL-RS in UL TCI state switch is SSB in FR2, longer delay is expected.
· Proposal 2(Huawei, Apple, Samsung):
· If no consensus can be achieved in RAN4, we suggest that there is no requirements when SSB is indicated as PL-RS in UL TCI state in FR2.
· Proposal 3(Intel):
· When SSB is indicated as PL-RS in UL TCI state for FR2, the total delay is:
-    n+THARQ + 3ms + NM* (Tfirst_target-PL-RS + 7*Ttarget_PL-RS + 2ms)
· Proposal 4(MTK, vivo, Ericsson, ZTE, Qualcomm): 
· Reuse the existing delay requirement of MAC CE based UL TCI state switch.
· Proposal 5(Nokia):
· known conditions:
· The UE shall be able to transmit uplink signal with the target TCI state in the slot n+THARQ +  + NM* (1*Ttarget_PL-RS + Tprocessingms) / NR slot length. 
Where:
   -    NM = 1, if the target PL-RS is not maintained by the UE, 0 otherwise.
   -    PL-RS is considered maintained if the DL RS associated with the UL TCI state is in the active TCI state list.
Issue 1-4-1 Whether to consider unknown TCI state in the TCI state list 
· Proposals
· Proposal 1(Samsung, Apple, MTK, Huawei,vivo):
· Longer delay applies if any TCI state is unknown in TCI state list update. Active TCI state list can contain known and unknown TCI states.
· Proposal 2(Ericsson, Nokia, ZTE,vivo):
· Define the detailed delay requirement




Additionally, RAN4 sent an LS to RAN1 which has been replied in LS reply [R1-2210719] on active TCI state list for UL TCI.
Following we discuss the open issues by initially addressing the LS reply from RAN1.
Number of maintained PL-RS
RAN4 sent an LS to RAN4 in August meeting for which RAN1 has now sent reply:
	Question 1: What is the relationship between  and active UL (or joint) TCI state list? How does network configure the RS resource indexes ?
Answer 1: According to 38.213, “the RS index for obtaining the downlink pathloss estimate for PUSCH,
PUCCH, and SRS transmission is provided by PL-RS associated with or included in the indicated TCIState or
UL-TCIstate except for SRS transmission that is not provided followUnifiedTCIstateSRS”
[...]
”if followUnifiedTCIstateSRS is not provided for a SRS resource set and for a SRS resource from the SRS 
resource set, [...] a RS index  for obtaining a pathloss estimate for the SRS transmission is provided by
PL-RS associated with or included in the TCIState or UL-TCIState of an SRS resource with
lowestSRS-ResourceId in the SRS resource set”
 
Question 2: Is UE expected to maintain the pathloss RSs of all the pathloss reference RS in the active UL (or
joint) TCI list?
Answer 2: A UE is expected to maintain the pathloss RSs of all active UL (or joint) TCI states. But the total
number of different path-loss RSs of all active UL (or joint) TCI states is not expected to be larger than 4.
 
Question 3: What is the UE behavior when number of active UL (or joint) TCI states is larger than 4 if
corresponding pathloss RSs need to be maintained?
Answer 3: The UE is not required to maintain more than 4 PL-RS. The same PL-RS can be used in
more than one UL or Joint TCI states. 




From the LS reply it is clear that the qd RS index for obtaining the DL pathloss (i.e. the DL PL-RS) for PUSCH, PUCCH and SRS transmission is provided by network configuration. Specifically, for PUSCH, it is provided the PL-RS associated with or included in the TCI state or UL-TCIstate.
PL-RS for obtaining the DL pathloss estimate for UL transmission is always provided for PUSCH, PUCCH and SRS.
From the LS it is also clear that the UE is required to maintain the pathloss RS (PL-RS) of all active UL (or joint) TCI states. UE is not required to maintain more than 4 different PL-RS for all active UL (or joint) TCI states.
UE is required to maintain the pathloss RS (PL-RS) of all active UL (or joint) TCI states.
UE is not required to maintain more than 4 different PL-RS for all active UL (or joint) TCI states.
However, RAN1 is silent on what it means that the UE is to ‘maintain’ the PL-RS.
RAN1 specification is not clear on what ‘maintain’ means.
Finally, RAN1 also clearly states that the UE is not required to maintain more than 4 different PL-RS for UL TCI states. However, RAN1 also notes that same PL-RS can be used for more than one UL or joint TCI state.
Definition of maintained
The RAN1 replies are useful in clarifying the RAN4 discussion but will not solve all open issues. However, based on the reply we can initially conclude that provided the UE is not having activated more than 4 different PL-RS for all PUSCH, PUCCH and SRS transmissions, the UE is required to maintain the PL-RS and hence the PL-RS will always be maintained. 
If UE is not having activated more than 4 different PL-RS activated for all PUSCH, PUCCH and SRS transmissions, the PL-RS will always be maintained.
Based on the RAN1 reply, we suggest using this as a condition for defining when a PL-RS is assumed to be maintained.
The PL-RS is maintained provided UE is not having activated more than 4 different PL-RS for all PUSCH, PUCCH and SRS transmissions.
[bookmark: _Hlk118375113]RAN4 have for many meetings been discussing the PL-RS and the meaning of PL-RS being maintained when it comes to UL TCI state switch. However, we see that the problem initially occurs already in the Rel-16 version of RAN4 when RAN4 defined Pathloss reference signal switching delay, which are captured in section 8.14. Here RAN4 defined following:
	The requirements in this clause apply for a UE to update a pathloss reference signal by MAC-CE for PUCCH, PUSCH, semi-persistent SRS and aperiodic SRS.
If the target pathloss reference signal is known, upon receiving PDSCH carrying MAC-CE activation in slot n, UE shall be able to apply the target pathloss reference signal of the serving cell on which pathloss reference signal switch occurs no later than the slot n +  + .  The UE shall be able to apply old pathloss reference signals until the slot n + + . Where 
-	 is the timing between pathloss reference MAC-CE activation command and acknowledgement as specified in TS 38.321 [7].
-   NM = 1, if the target PL-RS is not maintained by the UE, 0 otherwise.
-	 is the periodicity of the target pathloss reference signal which would be SSB or NZP CSI-RS.




However, RAN4 missed defining the conditions related to when a PL-RS is considered ‘maintained’.
When reading the RAN1 specification and the provided LS reply together with the MAC operation and RRC configuration, it is clear that PL-RS is based on L3 measurements. This is also hinted by the RAN4 requirements which allow UE up to 5 samples of the target PL-RS for the case where the PL-RS is ‘not maintained’.
Regarding the detailed definition of when a PL-RS can be considered maintained we suggest more discussion in RAN4 is needed. However, a definition of when a PL-RS is assumed maintained is needed as without such definition there are no clear RAN4 requirements.
RAN4 shall define the conditions when a PL-RS is assumed being maintained.
Initially, we suggest a definition which is aligned with the RAN1 requirements and also accounts the UE measurement status of the PL-RS. We suggest that at least following would need to be considered:
The PL-RS is maintained provided:
· UE is not activated with more than 4 different PL-RS for all PUSCH, PUCCH and SRS transmissions.
· Existing conditions for known pathloss reference signal in section 8.14.2 are fulfilled
Where in 8.14.2 the switch refers to the MAC CE based UL TCI state switch when an PL-RS is activated.
However, as the PL-RS is assumed based on L3 higher layer filtered measurements alternative is to update the section 8.14 accordingly. Hence, use L3-RSRP reporting and SNR of -6dB.

TP for PL-RS maintained for Release 16
For Release 16 the proposed updates proposed in order to define ‘PL-RS is maintained’ are:
	Pathloss reference signal switching delay
8.14.1	Introduction
The requirements in this clause apply for pathloss reference signal activated or updated on serving cell in MR-DC or standalone NR in clause 7.1.1 in TS 38.213 [3].
UE shall complete the switch of pathloss reference signal within the delay defined in this clause. 
8.14.2	Known conditions for pathloss reference signal
The pathloss reference signal is known if the following conditions are met during the period between the last transmission of the RS resource used for L1-RSRP measurement reporting and the completion of pathloss reference signal switch, where the RS resource is the target pathloss reference signal or QCLed (with Type D) to the target pathloss reference signal.
-	Pathloss reference signal switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
-	The UE has sent at least 1 L1-RSRP report for the target pathloss reference signal before the pathloss reference signal switch command
-	The target pathloss reference signal remains detectable during the pathloss reference signal switching period
-	SNR of the target pathloss reference signal≥-3dB
-	The associated SSBs with the target pathloss reference signal remain detectable during the pathloss reference signal switching period
-	SNR of the associated SSB ≥-3dB
Otherwise, the pathloss reference signal is unknown.
8.14.3	MAC-CE based pathloss reference signal switch delay
The requirements in this clause apply for a UE to update a pathloss reference signal by MAC-CE for PUCCH, PUSCH, semi-persistent SRS and aperiodic SRS.
If the target pathloss reference signal is known, upon receiving PDSCH carrying MAC-CE activation in slot n, UE shall be able to apply the target pathloss reference signal of the serving cell on which pathloss reference signal switch occurs no later than the slot n +  + .  The UE shall be able to apply old pathloss reference signals until the slot n + + . Where 
-	 is the timing between pathloss reference MAC-CE activation command and acknowledgement as specified in TS 38.321 [7].
-   NM = 1, if the target PL-RS is not maintained by the UE, 0 otherwise.
-	 is the periodicity of the target pathloss reference signal which would be SSB or NZP CSI-RS.
-	PL-RS is maintained provided
· UE is not activated with more than 4 different PL-RS for all PUSCH, PUCCH and SRS transmissions
· conditions for known pathloss reference signal in section 8.14.2 are fulfilled
Note:	longer application time is expected if measurement sample is not available due to measurement gap, DRX or other UE activities.
Note:	longer application time is expected if the pathloss reference signal is unknown.




This definition of ‘PL-RS is maintained’ would apply from Rel-16 and would be applicable also for Rel-17. 
Having now discussed the first 2 issues:
· If the UE is configured with more than 4 PL-RS
· Common understanding of PL-RS and definition of maintained PL-RS
These changes are implemented in the companion CR submitted in [8]. 
Next, we look in more details into the Rel-17 unified UL TCI state switch.

MAC CE based UL TCI state switching delay
For Rel-17 and unified TCI state RAN4 has continued using the wording ‘PL-RS is maintained’ without defining the conditions for when a PL-RS is maintained. 
In general, we see that the proposed definition for Rel-16 can be applied also for Rel-17 unified TCI state framework.
And Rel-15 active TCI state switch (8.10) and UL spatial switch delays can be reused rather directly as base for Rel-17 unified TCI state switch
For DL this seems already being the case. But 8.15.5 needs to be updated based on the RAN1 LS reply.
However, for UL this is not the case (and 8.16.5 needs to be updated based on the RAN1 LS reply):
Currently, the MAC-CE based uplink TCI state switch delay is specified as follows in TS 38.133 (8.16.3): 
	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.
Where,
-	THARQ is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3].
-	NM = 1, if the target PL-RS is not maintained by the UE, 0 otherwise.
-	Tfirst_target-PL-RS is time to first pathloss RS transmission after L1-RSRP measurement when target TCI state is unknown.
-	Tfirst_target-PL-RS is time to first pathloss RS transmission after MAC CE command is decoded by the UE for known TCI State.
-	Ttarget_PL-RS is the periodicity of the target pathloss reference signal which would be SSB or NZP CSI-RS when PL-RS is associated with serving cell
-	Ttarget_PL-RS is the periodicity of the target pathloss reference signal which would be SSB when PL-RS is associated with PCI different from serving cell
-	T L1-RSRP is the time for Rx beam refinement in FR2, defined as
-	TL1-RSPR_Measurement_Period_SSB for SSB as specified in clause 9.5.4.1, 
-	with the assumption of M=1
-	with TReport = 0
-	TL1-RSRP_Measurement_Period_CSI-RS for CSI-RS as specified in clause 9.5.4.2
-	CSI-RS based L1-RSRP measurement only apply for TCI state switch when source RS is associated with serving cell
-	configured with higher layer parameter repetition set to ON 
-	with the assumption of M=1 for periodic CSI-RS
-	for aperiodic CSI-RS if number of resources in resource set at least equal to MaxNumberRxBeam
-	with TReport = 0
Editor note: when PL-RS is SSB in FR2, the delay requirement is FFS.




It was discussed whether beam sweeping should be assumed for PL-RS measurement in FR2 when the PL-RS signal is SSB.
 
In Rel-16, PL-RS maintenance relies on DL and UL channel reciprocity. If DL reception is triggered using a beam selection, UL beam is selected by the channel reciprocity. In Rel-17, the unified TCI framework also allows for scenarios in which the UL TCI states are switched independently from DL TCI states. However, the UL TCI state is always configured with a PL-RS (according to RAN1 LS and configuration) and the switch delay could depend on whether the PL-RS associated with the UL TCI state is maintained by the UE or not when the UL TCI state is activated. The DL path loss measurement for an UL TCI need be acquired by the UE to enable the UE to determine the UL transmit power.
As mentioned, in R16 we only considered TCI switch among TCI states from serving cell and UL/DL reciprocity was assumed when the requirements were defined for a change in UL spatial relation. Hence, because UE always measure serving cell the UE should always have a maintained PL-RS. However, the condition for known PL-RS is also included here and refers to section 8.14.2.
According to the RAN1 LS, PL-RS is always required to be maintained by the UE for all active UL (or joint) TCI states for at least 4 different activated PL-RS.
It is clear from the RRC configuration that the PL-RS can be SSB or CSI-RS. If an SSB is configured as PL-RS and UE is not configured with more than 4 PL-RS, the UE is, according to RAN1 specifications, required to maintain the PL-RS – including SSB based PL-RS, if SSB is configured as source for PL-RS. 
PL-RS source can be SSB or NZP-CSI-RS
A UE with up to 4 activated PL-RS, is according to RAN1 specifications, required to maintain all the PL-RSs.
As the SSB PL-RS is required to be maintained by the UE (assuming UE is having no more than 4 different PL-RS activated) there is no need for beam sweeping for PL-RS measurements in FR2 if the PL-RS is SSB.
There is no need for beam sweeping for PL-RS measurements in FR2 if the PL-RS is SSB (assuming UE is having no more than 4 different PL-RS activated).
As RAN1 does not discuss UE behavior for the case where UE is having with more than 4 different PL-RS for all active UL (or joint) TCI states, RAN4 should not either discuss requirements for such scenario.
RAN4 does not discuss UE requirements for the scenario where the UE is configured with more than 4 different PL-RS for all active UL (or joint) TCI states.


Regarding, the number of PL-RS samples that would be needed for the case when a PL-RS is activated while the PL-RS has not been maintained by the UE. The number of samples would depend on how accurate the PL-RS measurements should be. It should be noted that determination of PL-RS is a pre-condition for the UE to determine the UL transmit power and hence for UE UL transmission. 
It is clear that the qd (PL-RS) used in the calculation of the UL transmit power ([image: ]) is based on higher layer filtered RSRP where the RSRP is for the reference serving cell. The higher layer filtering configuration is provided by QuantityConfig used in the L3 filter defined in 38.331 – also for the reference cell. 
L3 measurements usually assume using 5 samples to ensure the accuracy also under worst case operation assumptions at cell conditions of -6dB.
However, it is not clear if the 5 sample PL-RS measurement delay is always necessary when activating UL TCI. Clearly this is not needed when the PL-RS is maintained by the UE (which is also captured currently although it is not known when PL-RS is maintained).
RAN4 does not have any defined accuracy requirement specifically for ‘PL-RS measurement’ for UL power control and the conditions when PL-RS is maintained, but the current specification specially states that 5 samples are unconditionally needed if the PL-RS is not maintained. And this is a concern because the conditions for a when PL-RS is defined as ‘maintained’ are not clear. And therefore the UE requirements in the end a very unclear. 
Regarding the unconditional need for the 5 PL-RS sample measurement delay we note that in the specification, the sample usage boundary between L1-RSRP measurement and PL-RS L3 measurements is not well defined. Regarding the PL-RS measurement, TS38.213 specifies as 

= referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is provided by higher layers and RSRP is defined in [7, TS 38.215] for the reference serving cell and the higher layer filter configuration provided by higher layer parameter QuantityConfig is defined in [12, TS 38.331] for the reference serving cell
[bookmark: _Hlk118442610]Currently RAN4 use two conditions in the active uplink TCI state switching delay for unified TCI (8.16): 
1. UL TCI state known conditions
2. PL-RS is maintained
Known conditions are based on L1-RSRP while the PL-RS is based on L3 RSRP (higher layer filtered RSRP) as discussed above. Hence, it is questionable whether both following steps are needed as separate steps:
· step-(i): PL-RS measurement beam selection through L1-RSRP, and
· step-(ii) derives ‘higher layer filtered RSRP’ from PL-RS (5 samples)’. 
However, if the two steps are performed on the same RS, there is no need to make them as separate steps. The process measuring higher layer filtered RSRP can be combined to obtain the filtered received power and there is no need for an additional L1-RSRP measurement step even for unknown TCI state.
As stated above: 
1. A UE is required to maintain multiple PL-RSs for multiple UL TCI. Which PL-RS will be maintained or not maintained is clear provided UE is not having more than 4 different PL-RS in the active set. Based on this the network knows if an UL-TCI is with maintained PL-RS or not. hence, this is only guaranteed if UE is having at most 4 different PL-RS active. 
2. When a new possibly not maintained PL-RS is added to the active set, it is preferred if network is aware of the PL-RS status. 
3. It is possible for UE to existing L3 measurements as the PL-RS measurement and e.g. for L1-RSRP reporting.
Hence, the number of PL-RS samples (M) will not always need to be fixed at 5 samples. If a UE performs both L1-RSRP measurements and PL-RS measurements on the same SSB, then we think the number of samples can be less than 5. In Rel-17, the assumption is that PL-RSs with different QCL-D sources cannot be measured simultaneously and a scaling factor will be applied. 
When SSB is indicated as PL-RS in UL TCI state for FR2, 
-  The number of sample M will not always be fixed as 5 samples. 
-  If a UE performs both L1-RSRP measurements and PL-RS measurements on the same SSB, the number of samples used for L1-RSRP is counted for pathloss measurement.
-  If a UE has reported L1-RSRP measurement on a PL-RS within a time window, the PL-RS is regarded as maintained. 

Conclusion
In this contribution we provide our observations and proposals on remaining issues on unified TCI switching requirements.
1. Up to Rel-16 the DL/UL relied on channel reciprocity. In Rel-17, decoupled DL and UL is possible.
1. UE shall use the DL frame timing of the TRP towards which the UE is performing UL transmission.
There is no explicit definition of active TCI state for UL.
A UE shall acquire and keep time and frequency tracking on the DL source RS associated to the UL TCI state in the active TCI states.
1. If source DL-RS in UL TCI state is not in the DL active TCI list, additional time/frequency tracking is needed for the UL TCI state.
Check with RAN1 if UE is required to do DL time tracking for an UL TCI state in the active TCI state list
In DL TCI state switch delay, the UE is expected to receive as soon as the DL TCI state switch is completed. 
For UL TCI state switch, the network is not aware of whether the PL-RS is maintained or not maintained at the UE in case the number of activated TCI states is greater than four. 
Our understanding is that in joint TCI state switch, the UE can receive in DL when the DL TCI state switching is completed. Independently of the UL TCI state switch status. 
For joint TCI state switch, if the UL TCI state switch delay exceeds the DL TCI state switch delay, the UE is required to receive in DL up to THARQ before it completes UL TCI state switch.
PL-RS for obtaining the DL pathloss estimate for UL transmission is always provided for PUSCH, PUCCH and SRS.
UE is required to maintain the pathloss RS (PL-RS) of all active UL (or joint) TCI states.
UE is not required to maintain more than 4 different PL-RS for all active UL (or joint) TCI states.
RAN1 specification is not clear on what ‘maintain’ means.
If UE is not having activated more than 4 different PL-RS activated for all PUSCH, PUCCH and SRS transmissions, the PL-RS will always be maintained.
The PL-RS is maintained provided UE is not having activated more than 4 different PL-RS for all PUSCH, PUCCH and SRS transmissions.
RAN4 shall define the conditions when a PL-RS is assumed being maintained.
The PL-RS is maintained provided:
· UE is not activated with more than 4 different PL-RS for all PUSCH, PUCCH and SRS transmissions.
· Existing conditions for known pathloss reference signal in section 8.14.2 are fulfilled
PL-RS source can be SSB or NZP-CSI-RS
A UE with up to 4 activated PL-RS, is according to RAN1 specifications, required to maintain all the PL-RSs.
There is no need for beam sweeping for PL-RS measurements in FR2 if the PL-RS is SSB (assuming UE is having no more than 4 different PL-RS activated).
RAN4 does not discuss UE requirements for the scenario where the UE is configured with more than 4 different PL-RS for all active UL (or joint) TCI states.
When SSB is indicated as PL-RS in UL TCI state for FR2, 
-  The number of sample M will not always be fixed as 5 samples. 
-  If a UE performs both L1-RSRP measurements and PL-RS measurements on the same SSB, the number of samples used for L1-RSRP is counted for pathloss measurement.
-  If a UE has reported L1-RSRP measurement on a PL-RS within a time window, the PL-RS is regarded as maintained. 
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