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Introduction
RAN4#106 continued the discussions on the remaining issues of Rel-16 eMIMO and Rel-17 feMIMO WI RRM core requirements. The outcome of the discussion is captured in the WF in [11]. 
One aspect related to eMIMO remained open related to PL-RS and the definition of PL-RS. The aspect of PL-RS has its roots in Rel-16 eMIMO 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’.
For facilitating the discussions, we note that 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].
[bookmark: _Hlk134964921]In this document, following issue is discussed:
· PL-RS discussions and discussions on the definition of ‘maintained PL-RS’
This is closely related to the Rel-17 FeMIMO discussion and issue 1-3-1, where it was agreed in RAN4#106 meeting:
Issue 1-3-1 Definition of maintained PL-RS
· Agreement
· Further discuss the detail wording.
Discussion on maintained PL-RS related discussion

[bookmark: _Hlk134961594]Definition of maintained PL-RS related discussion 
The aspect of PL-RS has been discussed for quite many meetings. However, in last meeting RAN4 almost reached agreements on the detailed wording.
The aspect of PL-RS includes multiple different parts:
1. If the UE is configured with more than 4 PL-RS
2. Common understanding of PL-RS and definition of maintained PL-RS
3. MAC CE based UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2
RAN4 sent an LS to RAN1 which has been replied in LS reply [3] on active TCI state list for UL TCI. And although the LS addressed Rel-17 discussion, it gives valuable background for the Rel-16 PL-RS discussion as well.
Hence, in the following we repeat the Rel-17 discussion related to the open issues initially addressed by the LS reply from RAN1 (sections 2.1.1 and 2.1.2).
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 TCI states and joint TCI states. It is also clear that currently the UE is not required to maintain a total of more than 4 different PL-RS for all active UL TCI states and joint TCI states.
UE is required to maintain the pathloss RS (PL-RS) of all active UL TCI states.
UE is required to maintain the pathloss (PL-RS) of all active joint TCI states
UE is not required to maintain a total of more than 4 different PL-RS for all active UL TCI states and 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 the same PL-RS can be used for more than one UL or joint TCI state.

Definition of maintained
RAN1 replies are useful in clarifying the RAN4 discussion but does not solve all open issues. However, based on the reply we can initially conclude that provided the UE is not having more than 4 different PL-RS for all active UL TCI states for 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 more than 4 different PL-RS for all activated UL TCI states for 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 more than 4 different PL-RS for all activated UL TCI states for PUSCH, PUCCH and SRS transmissions.

Conditions for PL-RS maintained (Rel-16)
[bookmark: _Hlk118375113]PL-RS and the meaning of PL-RS being maintained initially occurs in the Rel-16 version of RAN4, when RAN4 defined Pathloss reference signal switching delay, which are captured in section 8.14. Here RAN4 has 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, in Rel-16 RAN4 missed defining when a PL-RS is considered ‘maintained’. It should be clear that the PL-RS is used by the UE to determine the UL transmit power.
PL-RS is used by the UE to determine the UL transmit power.
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 for Rel-16. 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 conditions of when a PL-RS can be considered maintained is needed as without such definition there are no clear RAN4 requirements.
[bookmark: _Hlk127564318]RAN4 shall define the conditions when a PL-RS is assumed being maintained.
Initially, we suggest conditions which are aligned with the RAN1 requirements and accounts the UE measurement status of the PL-RS. For Rel-16 we suggest that following (Based on postponed CR [12] in RAN4#106 meeting):
The PL-RS is maintained provided:
· There are no more than 4 different RS configured as PL-RS per serving cell for all active UL  TCI states (UL TCI state or joint TCI state) for PUSCH/PUCCH/SRS transmissions.
· The target pathloss reference signal remains detectable during TCI state switching period
· SNR of the target pathloss reference signal≥-3dB
· The associated SSBs with the target pathloss reference signal remain detectable during the TCI state switching period.
· SNR of the associated SSB ≥-3dB

TP for PL-RS maintained for Release 16
For Release 16 the proposed updates proposed to define ‘PL-RS is maintained’ are:
	[bookmark: _Hlk127116598]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
· There are no more than 4 different RS configured as PL-RS per serving cell for all active UL  TCI states (UL TCI state or joint TCI state) for PUSCH/PUCCH/SRS transmissions.
· The target pathloss reference signal remains detectable during TCI state switching period.
· SNR of the target pathloss reference signal≥-3dB
· The associated SSBs with the target pathloss reference signal remain detectable during the TCI state switching period.
· SNR of the associated SSB ≥-3dB
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’ for section 8.14 would apply from Rel-16. We have provided a CR in [13].

Conclusion
In this document, following issue is discussed PL-RS discussions and discussions on the definition of ‘maintained PL-RS’ for Rel-16 eMIMO.

1. The PL-RS is maintained provided UE is not having more than 4 different PL-RS for all activated UL TCI states for PUSCH, PUCCH and SRS transmissions.
RAN4 shall define the conditions when a PL-RS is assumed being maintained.
The PL-RS is maintained provided:
· There are no more than 4 different RS configured as PL-RS per serving cell for all active UL  TCI states (UL TCI state or joint TCI state) for PUSCH/PUCCH/SRS transmissions.
· The target pathloss reference signal remains detectable during TCI state switching period
· SNR of the target pathloss reference signal≥-3dB
· The associated SSBs with the target pathloss reference signal remain detectable during the TCI state switching period.
· SNR of the associated SSB ≥-3dB
We have provided a CR for the Rel-16 eMIMO changes in [13].
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