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Introduction
During RAN#102, a new WID for Rel-19 MIMO evolution for DL and UL was agreed in RP-234007. One of the objectives agreed is as follows: 
Specify enhancement for asymmetric DL sTRP/UL mTRP deployment scenarios, assuming intra-band intra-DU non-co-located mTRP scenarios, without changing existing cell definition or defining a new cell (e.g. UL-only cell), assuming the Rel-17/18 unified TCI framework and fully reusing the legacy QCL/UL spatial relation rules, targeting FR1 and FR2 
a. Two closed-loop PC adjustment states for SRS, both separate from PUSCH; and pathloss offset configurations for pathloss calculation to UL TRP(s), when the pathloss RS is from DL sTRP. 

In this contribution, we discuss the issues of pathloss offset and the need for two closed-loop PC adjustment states for SRS, both separate from PUSCH. 
Discussion
UL-only nodes may be deployed without spec change since there is nothing that prevents the NW from deploying nodes without DL transmissions. In this case, the UL reception in such nodes would assume the power control and timing advance to be performed with respect to the DL node. In such a case, there would be a limit on the maximal supported difference between DL TRP-to-UE distance and UE-to-UL-TRP distance. Such a restriction might not be always good solution.  
In the absence of such restriction on deployment, the pathloss measured using the pathloss RS transmitted on the DL channel might not reflect the value of the real pathloss from the UE to the UL-only TRP. The difference or offset between the pathloss from the DL-TRP to UE and the pathloss from the UE to UL-only TRP can be denoted as ΔPL. Although we assume this ΔPL can be estimated by the network reliably by the deployment and/or other UE's measurement, one of the discussion points would be some standardization mechanism is required or not. 
Study whether a mechanism to estimate the difference or offset between the pathloss from the DL-TRP to UE and the pathloss from the UE to UL-only TRP is required or not. 
Updating the PL offset for a TCI State
In RAN1#116 and RAN1#116b, several agreements were made to support associating an UL TCI state with a PL offset:
Agreement
For the asymmetric DL sTRP/UL mTRP deployment scenarios, support to associate a UL TCI state with a PL offset:
· When a UL TCI state associated with a PL offset is applied for the PUSCH/PUCCH/SRS transmission, the UE shall calculate the Tx power of the PUSCH/PUCCH/SRS based on the DL PL RS and PL offset associated with this UL TCI state.
· Reuse the legacy uplink power control formulation by replacing legacy PL with UL PL which is derived from the DL PL RS and the PL offset.
· FFS: The UE can update UL PL in a way that new UL PL = current UL PL + an update delta indicated by the NW.
· Note: it does not intend to increase the number of maintained PLs per cell.
· FFS: whether to support associating joint TCI state (if supported) with a PL offset.
Further study whether/how to apply a PL offset on PDCCH-order PRACH transmission too.
· FFS: how to determine the Tx beam of PRACH towards UL TRP 
· Note: this does not imply to support 2 TA for single-DCI based system.

Agreement
Down-select one from the following alternatives:
· Alt1: Use only RRC to update the PL offset associated with the UL TCI state
· Alt2: In addition to RRC, MAC-CE can be used to update the PL offset associated with the UL TCI state
· FFS: Details on MAC CE

Agreement
For the association between PL offset and joint/UL TCI state, consider and down-select one from the following Alts:
· Alt1a: One PL offset value is configured in a joint or UL TCI state by RRC only
· Alt1b: One PL offset value is configured in a joint or UL TCI state by RRC. A MAC CE can update the PL offset value(s) for joint or UL TCI state(s).
· Alt2a: A list of PL offset configurations is configured by RRC in BWP/CC and each PL offset configuration contains one PL offset value. One new RRC parameter is introduced in a joint or UL TCI state to indicate one of the configured PL offset configurations.
· Alt2b: A list of PL offset configurations is configured by RRC in BWP/CC and each PL offset configuration contains one PL offset value. One new RRC parameter is introduced in a joint or UL TCI state to indicate one of the configured PL offset configurations. A MAC CE can update the association between a joint or UL TCI state and PL offset configuration
· Alt3: A list of PL offset configurations is configured by RRC in BWP/CC and each PL offset configuration contains one PL offset value.  A MAC CE can activate/indicate one PL offset configuration for each activated joint or UL TCI state. In each joint or UL TCI state, the initial PL offset value is 0dB.
· Alt4: A list of PL offset values is provided in a joint or UL TCI state by RRC. Each PL offset value is applied to a corresponding measured PL range.
Other alternatives are not precluded.
In the last agreement above, RAN1 is trying to design two things simultaneously:
1. How the PL offset is configured and associated with a TCI state
2. How to use this PL offset for uplink power control. 
Starting with the first issue, the term “PL offset” is defined strictly in the discussion as the difference between the measured DL pathloss and the uplink pathloss. To do the association between a PL offset and a TCI state, multiple alternatives are discussed:
1. A PL offset value is RRC configured inside the TCI state. (Alt1a/b)
2. A list of PL offset configurations is configured by RRC in BWP/CC and each PL offset configuration contains one PL offset value. One new RRC parameter is introduced in a joint or UL TCI state to indicate one of the configured PL offset configurations. (Alt2a/2b)
3. A list of PL offset values is provided in a joint or UL TCI state by RRC. Each PL offset value is applied to a corresponding measured PL range.
There is no real difference between the design in Alt 1 and Alt 2 except where the values are kept. Therefore, the simpler solution of having a PL offset value RRC configured inside the TCI state should be adopted.
Regarding how to use this PL offset for uplink power control, according to simulation results presented by some companies for Umi scenarios, it showed that the PL offset between the UL-only TRP and the DL TRP in 90 % of the cases is less than 40 dB. Since the dynamic range is big, we see the need for a dynamic update method to complement the closed loop power control is needed.  One can argue that once the UE have the PL offset, the determines the UL power as follows:
Procedure 1: 
1. The UE measures the DL pathloss from the pathloss RS denoted as PL_DL
2. The UE determines the UL power as follows: UL_power = PL_DL + pathloss offset
3. The network updates the pathloss offset value either through RRC reconfiguration or through MAC-CE update. Then start from step 1. 
However, depending on how to interpret the description, this is not a good design. "Pathloss offset" in the step 2 is unclear whether it is existing RRC configuration value or new value provided in step 3 MAC-CE. Or it can be the sum of RRC configuration and new value provided in step 3 MAC-CE. Our view is MAC configured value should not update RRC configured value but MAC configured value is additional offset because RRC configured value is determined by CU in gNB and MAC configured value is determined by DU in the gNB. . 
Therefore, we should use MAC-CE to update the uplink power control and not necessarily the existing PL offset. We clarified procedure 1 as following: 
Procedure 1': 
1. The UE measures the DL pathloss from the pathloss RS denoted as PL_DL
2. The UE determines the UL power as follows: UL_power = PL_DL + pathloss offset + UL-pow-offset
3. To update the UL _power, the network updates: 
a. either the pathloss offset value by RRC reconfiguration, Or 
b. UL-pow-offset by MAC-CE update.  
Since the agreement above did not preclude other alternatives, then we propose the following: 
Alt5: One PL offset value is configured in a joint or UL TCI state by RRC. The network updates either the pathloss offset value by RRC reconfiguration, or an UL-pow-offset by MAC-CE update such that: 
		UL Tx power = DL pathloss + pathloss offset + UL-pow-offset
Pathloss Offset Values
In Rel-18, except for SRS for positioning, a UE does not expect to simultaneously maintain more than four pathloss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions. However, since the pathloss offset is associated with a TCI state, then every TCI state used to communicate with an UL TRP can have a different pathloss offset based on the DL offset.
 Each TCI state is associated with one PL offset value, but no restrictions should be added on the number of pathloss offsets maintained for the pool of TCI states. 
In legacy, the pathloss for an UL transmission is calculated based on referenceSignalPower and higher layer filtered RSRP. As for the pathloss offset, it is up to the network how to calculate it.
Determining the value of the pathloss offset associated with an UL TCI state is up to NW implementation. 
Moreover, the range of the pathloss offset values and the quantization steps should be discussed. Both positive and negative pathloss offset values could be supported. RAN4’s input may be needed.
Finally, it was discussed that some TCI states will be configured with PL offset and some TCI states will not be configured with TCI states. When a TCI state is configured with a PL offset, it will calculate the PL using the DL pathloss and the offset, otherwise only the DL pathloss is used. In other words, this will be used for switching between legacy power control scheme and the enhanced power control scheme for UL only TRP. Alternatively every TCI state should have an offset value with a default of 0.  
Study whether to introduce a default pathloss offset value of 0 for the UL TCI states.  
PL offset for PDCCH-order PRACH
In the last meeting, RAN1 had the following agreement:
Agreement
Support applying PL offset on PDCCH-order PRACH towards a UL TRP in FR1.
· Note: The DL reference timing determination for PDCCH-order PRACH transmission to an UL TRP is still based on the DL RS defined in current RAN4 specification
· Above is subject to a separate UE capability signaling

It was discussed whether to support this for FR2. The problem in FR2 is that for PRACH, the UE picks the UL beam. The PDCCH-order cannot tell the UE what beam to use for UL. So, it is not ensured that the beam will point towards the UL TRP. Furthermore, any enhancements to PRACH is out of scope.
Finally, RAN1 had the following agreement:
Agreement
Consider and down-select one from the following alts for indicating a PL offset for PDCCH-order PRACH transmission at least for FR1.
· Alt1: RRC configures multiple PL offset values in PRACH-Config and PDCCH-order DCI indicates one of them through one DCI field.
· Alt2: PDCCH order DCI indicates one PL offset value.
· Alt3: The PL offset associated with one of the indicated joint/UL TCI state for UL TRP in unified TCI framework is applied on the PDCCH-order PRACH transmission.
· Alt4: The PDCCH order DCI indicates one TCI state associated with a PL offset and the associated PL offset is applied on the PRACH transmission.
· Alt5: RRC configures one PL offset value for PRACH and the PDCCH order DCI indicates whether this PL offset value is applied on PRACH transmission or not.
Note: Other alternatives are not precluded
If FR2 operation is not supported, there is no need to associate PL offset with a TCI state. Then alternative 1 or 2 should work. 
Do not support applying PL offset on PDCCH-order PRACH towards a UL TRP in FR2. For indicating a PL offset for PDCCH-order PRACH transmission for FR1, support:
· RRC configures multiple PL offset values in PRACH-Config and PDCCH-order DCI indicates one of them through one DCI field
Conclusions
Based on the discussion above, we propose the following:
1. Study whether a mechanism to estimate the difference or offset between the pathloss from the DL-TRP to UE and the pathloss from the UE to UL-only TRP is required or not. 
1. Alt5: One PL offset value is configured in a joint or UL TCI state by RRC. The network updates either the pathloss offset value by RRC reconfiguration, or an UL-pow-offset by MAC-CE update such that: 
		UL Tx power = DL pathloss + pathloss offset + UL-pow-offset
Each TCI state is associated with one PL offset value, but no restrictions should be added on the number of pathloss offsets maintained for the pool of TCI states. 
Determining the value of the pathloss offset associated with an UL TCI state is up to NW implementation. 
Study whether to introduce a default pathloss offset value of 0 for the UL TCI states.  
Do not support applying PL offset on PDCCH-order PRACH towards a UL TRP in FR2. For indicating a PL offset for PDCCH-order PRACH transmission for FR1, support:
· RRC configures multiple PL offset values in PRACH-Config and PDCCH-order DCI indicates one of them through one DCI field. 
References
[bookmark: _Ref31185007][bookmark: _Ref174151459][bookmark: _Ref189809556][1]		RP-234007, New WID: NR MIMO Phase 5, RAN#102, Dec 2023 

3GPP
