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Introduction
The Rel-19 WID on NR MIMO Phase 5 is approved [1], which includes the following objective:
5. 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. 

Discussions
In the RAN#102 meeting, it was approved to study enhancement for asymmetric DL sTRP/UL mTRP deployment scenarios. An example of such deployment scenario is illustrated in Fig.1, where one downlink transmission and reception point (DL TRP) e.g., the gNB in the figure, and multiple non-co-located uplink transmission and reception points (UL TRPs) may be deployed. The multiple UL TRPs can be connected to the DL TRP via backhaul. Since the power rating is different between the DL TRP and UL TRP, a UE may receive the downlink signals/channels from the DL TRP, while transmit uplink to either the DL TRP or the UL TRP to achieve better uplink coverage and throughput. In addition, this can also help to reduce the deployment cost/complexity and reduce the energy consumption since the UL TRPs can turn off the downlink transmission.
[image: ]
Fig.1 Asymmetric DL sTRP/UL mTRP deployment
Close-loop power control enhancement for SRS
In RAN1#116bis meeting, the following have been agreed:
	Agreement
· For indicating TPC command for those two SRS CLPC adjustment states through DCI when the UE is configured with two SRS CLPC adjustment states, support Option3:
· Option 3: enhance the legacy DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeA and typeB;
Agreement
· For enhancing DCI format 2_3 for indicating TPC command for two SRS CLPC adjustment states, support Alt2:
· Alt2: Introduce one 1-bit closed-loop-indicator field for each TPC command in DCI format 2_3 
· This 1-bit closed-loop-indicator indicates the first SRS CLPC adjustment state or the second SRS CLPC adjustment state. 
· Note: this 1-bit indicator is present for the CC where two SRS CLPC adjustment states are configured.
 Agreement
· For a UE configured with two SRS CLPC adjustment states, support Alt2 for indicating one of the SRS CLPC adjustment states to SRS:
· Alt2: When the parameter srs-PowerControlAdjustmentStates is set to 'separateClosedLoop', closedLoopIndex-r17 for SRS in the TCI state indicates one of the SRS CLPC adjustment states
· The candidate value of i0 and i1 in closedLoopIndex-r17 for SRS refers to the first and the second CLPC adjustment state separate from PUSCH, respectively
· Ericsson raised concerns on Alt2 due to potential issues with beam management.




It has been agreed to introduce 1-bit closed-loop-indicator field for each TPC command in DCI format 2_3 and the 1-bit indicator is present for the CC where two SRS CLPC adjustment states are configured. Therefore, depending on whether a CC is configured with two SRS CLPC adjustment states or not, the number of bits in the TPC command corresponding to the CC may be different. If a CC is configured with two SRS CLPC adjustment states, 3 bits (1 bit closed-loop indicator field + 2 bits TPC command) are included in the TPC command corresponding to the CC. Otherwise, 2 bits are included in the TPC command corresponding to the CC. 
In addition, the UE behavior on how to interpret the ‘separateClosedLoop’ also depends on whether a CC is configured with two SRS CLPC adjustment states or not. If a CC is configured with two SRS CLPC adjustment states, the UE interpret ‘separateClosedLoop’ based on new rule, i.e., the UE determines which CLPC adjustment state is used for the SRS resources in the SRS resource set based on the closedLoopIndex-r17 in the TCI state associated with the SRS resources. Otherwise, the UE interpret the ‘separateClosedLoop’ based on legacy rule, i.e., the UE determines the SRS resources in the SRS resource set is associated with a separate close loop.
To indicate whether a BWP/CC is configured with two separate CLPC adjustment states for SRS or not, a new RRC parameter, e.g., twoSRS-PC-AdjustmentStates, can be configured for the BWP/CC. This is similar to legacy PUCCH/PUSCH in which case whether two PUCCH/PUSCH CLPC adjustment states are configured is based on the RRC parameter twoPUCCH-PC-AdjustmentStates for PUCCH and twoPUSCH-PC-AdjustmentStates for PUSCH.
Proposal 1: Introduce a new RRC parameter twoSRS-PC-AdjustmentStates per BWP/CC to indicate two SRS closed-loop power control adjustment states are configured on a BWP/CC.
The following has been agreed in RAN1#116bis meeting:
	Agreement
· For the asymmetric DL sTRP/UL mTRP deployment scenarios, study whether and how to indicate TPC command for SRS CLPC adjustment states through DCI format 1_1 and/or 0_1 when the UE is configured two SRS CLPC adjustment states.



Based on the discussion in the last meeting, one of the motivations to study using DCI format 1_1 or DCI format 0_1 to indicate the TPC command for SRS is to allow UE that doesn’t support DCI format 2_3 to support asymmetric DL sTRP/UL mTRP scenario. Another motivation is to have more flexible and dynamic power control for SRS given the monitoring periodicity of DCI format 2_3 could be very long, e.g., 80ms. The issue is valid but using DCI format 1_1 and/or 0_1 would require to introduce additional TPC command field for SRS power control in DCI 1_1 and/or 0_1 which will increase the DCI overhead and degrade the PDCCH performance. In addition, the range of the TPC command in DCI would be quite limited. Considering the number of bits in DCI is very precious, it is not desired to introduce additional TPC command field in DCI 1_1/0_1 for SRS power control. Alternatively, MAC CE based power control can be considered for SRS, specifically, the following alternatives can be considered:
· Alt.1: once the UL PL is obtained based on the DL PL RS and the PL offset associated with the TCI state for SRS, the UE can update the UL PL in a way that the new UL PL = current UL PL + an updated delta indicated by NW, wherein the updated delta can be indicated by MAC CE.
· Alt.2: use MAC CE to indicate TPC command for SRS wherein the MAC CE also indicate the TPC command is applied for which SRS CLPC adjustment state.
For Alt.1, the Tx power of SRS can be adjusted by updating the UL PL. While for Alt.2, the Tx power of SRS is directly adjusted by a TPC command MAC CE. Comparing with DCI-based TPC command, MAC CE based power control can support larger range for SRS power control. Among Alt.1 and Alt.2, both can achieve the same purpose while Alt.1 is more aligned with the power control scheme in asymmetric DL sTRP /UL mTRP scenario. Besides, once the UL PL is obtained, the UE doesn’t have to maintain the pathloss estimation for PL RS associated with the joint/UL TCI states of UL TRP. Therefore, Alt.1 is slightly preferred.
Proposal 2: For the asymmetric DL sTRP/UL mTRP deployment scenarios, when the UE is configured with two SRS CLPC adjustment states, the UE can update the UL PL in a way that the new UL PL = current UL PL + an updated delta indicated by NW, wherein the updated delta can be indicated by MAC CE.
Uplink pathloss calculation 
In the previous RAN1 meeting, the following has been agreed: 
	

Agreement in RAN1#116
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 in RAN1#116bis
· 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.



Based on the previous agreement, a pathloss offset can be configured by RRC and associated with a joint/UL TCI state, but whether the pathloss offset needs to be updated by MAC CE needs further discussion. In our view, the pathloss offset associated with a joint/UL TCI state needs to be updated by MAC CE due to the following reasons:
· For asymmetric DL sTRP/UL TRP scenario, to obtain the pathloss offset, the UE needs to transmit UL (e.g., SRS) to the DL TRP and UL TRP and the network needs to measure the UL reference signal received power, e.g., SRS-RSRP. These measurements can be done only after RRC connection. Therefore, the initial pathloss offset configured by RRC may not be accurate. After the network measures the UL SRS-RSRP, the network can identify a good UL TRP and pathloss offset associated with that UL TRP, then update the pathloss offset when the joint/UL TCI state is applied.
· Although the L3 filtered RSRP changes slowly, the uplink pathloss between UE and the UL TRP may change as the UE moves. Therefore, to adjust the uplink transmit power when the UE moves, the pathloss offset needs to be updated.
· If RRC is used to update the PL offset, there is an ambiguous duration when RRC re-configures a new PL offset value as timeline for RRC message to be applicable is not clearly defined while for MAC-CE, the application timeline is clearly defined. 
Since the pathloss offset is associated with a joint/UL TCI state, when the pathloss offset is updated, the UE needs to know the pathloss offset is updated for which joint/UL TCI state. In addition, the uplink pathloss may change when the UL TRP changes or the UL Tx beam changes, therefore, pathloss offset may need to be updated when the activated TCI state changes. Considering this, the TCI state activation MAC CE can be used to update the pathloss offset. 
Proposal 3: Support Alt.2: In addition to RRC, MAC-CE can be used to update the PL offset associated with the UL TCI state.
· The TCI state activation MAC CE can be used.
Regarding association between PL offset and joint/UL TCI states, Alt.1a and Alt.2a are using RRC only to update the PL offset associated with the joint/UL TCI states which cannot timely adjust the uplink transmit power due to UE movement as discussed above. For Alt.1b v.s. Alt.2b and Alt.3, one difference is whether the list of PL offset values need to be configured per BWP/CC by RRC. In our view, this configuration is not needed since the range of PL offset values and how to quantize the PL offset values are common to all BWP/CCs which can be predefined like the legacy L1-RSRP or L3-RSRP. Once the quantization of PL offset values are defined, RRC and MAC CE can directly indicate a PL offset value based on the quantization. For Alt.4, it is unclear why a PL offset is only applied to a certain measured PL range. In fact, a PL offset value can be applied to any measured PL range since the PL offset range is not only related to the measured PL range but also related to the UL PL range. 
Proposal 4: Support Alt.1b, i.e., 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).

The following has been agreed in the previous RAN1 meeting:
	Agreement in RAN1#116
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.

Agreement in RAN1#116bis
· For FR1, a joint TCI state can be associated with a PL offset.
· When a joint 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 joint TCI state.
· Reuse the legacy uplink power control formulation by replacing legacy PL with a 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.



When the pathloss offset associated with a joint/UL TCI state is updated, it has been agreed that the UL PL can be derived from the DL PL RS and the PL offset associated with the joint/UL TCI state. Whether the UL PL is updated in a way that new UL PL = current UL PL + an updated delta is FFS.
If the UL PL is derived from the DL PL RS and the PL offset associated with the joint/UL TCI state, the PL offset refers to an offset between DL PL (between UE and DL TRP) and UL PL (between UE and UL-only TRP). This has the following problems:
1) From UE perspective, the DL PL is derived from the DL PL RS measured at the UE. In the current specification, to obtain the DL PL, L3 filtered RSRP is used. Specifically, PL(qd) = referenceSignalPower – higher layer filtered RSRP wherein referenceSignalPower is provided by higher layers and higher layer filtered RSRP is measured by the UE based on PL RS qd. From the network perspective, as one example, the PL offset may be measured based on received UL signal (e.g., SRS-RSRP difference between DL TRP and UL-only TRP), there can be some misalignment on the DL PL measured at the network and UE considering different L3 filtering implementation may be used between the network and UE. In addition, to adjust the Tx power due to UE movement, L1-RSRP of SRS can be used for PL offset measurement. In this case, the PL offset cannot correctly reflect the difference between the DL PL and UL PL since DL PL at the UE is calculated based on L3-filtered RSRP.
2) This may not work for the scenario when the DL TRP is not able to receive the UL signal. This is because, to indicate the PL offset between DL PL and UL PL, the UE need to transmit UL signal (e.g., SRS) to DL and UL TRP and both DL and UL TRP need to measure the RSRP of the SRS so that the network can derive the pathloss offset between DL PL and UL PL. When the UE is far away from the DL TRP, the UL SRS RSRP to the DL TRP can be very week so that the UL SRS cannot be received by the DL TRP. In this case, the network is not able to obtain the pathloss offset between DL PL and UL PL. 
3) From signaling perspective, using DL PL as reference PL for PL offset update may lead to more frequent MAC CE signaling. This is because the DL PL and UL PL may change in different directions depending on how the UE moves. In one example, if the UE moves from DL TRP to UL TRP, the DL PL may increase while the UL PL may decrease. In this case, the pathloss offset between the DL PL and UL PL becomes larger which requires larger MAC CE overhead. In another example, if the UE moves in a circle around the UL TRP, the UL PL may not change, but the pathloss offset needs to be updated due to the change of the DL PL. If PL offset is relative to a current UL PL, the pathloss offset needs to be updated only when the UL PL changes which can reduce the overhead for PL offset update.
For the asymmetric DL sTRP and UL mTRP scenario, one of the typical use cases is to improve the UL coverage. If the PL offset is always relative to a DL PL, whether the UL can be scheduled to the UL TRP depends on whether the UL signal (e.g., SRS) can be received by the DL TRP which makes the application scenario quite limited and makes the feature less useful. Besides, the impact of L3 filtered RSRP on the DL PL may lead to inaccurate Tx power at the UE. To make the asymmetric DL sTRP/UL mTRP scenario more useful and avoid unnecessary signaling overhead and misalignment between UE and network, it is necessary to support to update the UL PL in a way that new UL PL = current UL PL + an updated delta.
Fig.2 illustrate an example of how to update the UL PL based on the indicated PL offset. In this example, TCI activation MAC CE is used to update the UL PL for a given TCI state.
· After RRC configuration, the UE is configured with multiple TCI states and each TCI state can be configured with a pathloss offset. For example, UL TCI state #b1, #b2, #b3 is configured with an initial PL offset 0.
· The UE transmits SRS to both DL TRP and UL TRPs to measure the SRS RSRP and if the SRS RSRP to a UL TRP is better than that to the DL TRP, the network determines to establish UL transmission to the UL TRP.
· The network also measures the PL offset between DL PL and UL PL based on the SRS RSRP.
· The network activates UL TCI state #b1 and #b2 and indicate a corresponding PL offset 1 and PL offset 2 associated with the UL TCI state #b1 and #b2 in a first TCI activation MAC CE.
· When the UL TCI state #b1 and #b2 are activated in the first TCI activation MAC CE, there is no available UL PL associated with UL TCI state #b1 and #b2 since the UL TCI state #b1 and #b2 are not in the active TCI state list. 
· In this case, the UE derives the UL PL based on the DL PL RS and pathloss offset associated with TCI state #b1 and #b2, respectively.
· The UE calculate the UL PL associated with UL TCI state #b1, #b2 in a way that :
· UL PL 1 (#b1) = DL PL – PL offset 1.
· UL PL 1 (#b2) = DL PL – PL offset 2.
· The network may update the active UL TCI states to {#b1, #b3} in a second TCI activation MAC CE.
· When the UL TCI state #b1 is activated in the second TCI activation MAC CE,  the UL PL associated with TCI state #b1 is already available at the UE since TCI state#b1 is in the active TCI state list (because it has been activated in the first TCI activation MAC CE), which can be used as reference for new UL PL update.  
· In this case, the UL PL associated with TCI state #b1 can be used as reference for new UL PL update. And the UE doesn’t need to maintain the DL PL estimate for the PL RS associated with TCI state #b1. 
· The UE calculate the UL PL associated with UL TCI state #b1 in a way that UL PL (#b1) = UL PL 1 (#b1) + updated delta 1.
· When the UL TCI state #b3 is activated in the second TCI activation MAC CE, there is no available UL PL associated with UL TCI state #b3 since the UL TCI state #b3 is not in the active TCI state list.
· In this case, the UE derives the UL PL based on the DL PL RS and pathloss offset associated with TCI state #b3.
· The UE calculate the UL PL associated with UL TCI state #b3, in a way that:
· UL PL 1 (#b3) = DL PL – PL offset 3.
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Fig.2 Example of UL PL update based on indicated pathloss offset and updated delta
When a target joint/UL TCI state is applied, if the target joint/UL TCI state is not in the active joint/UL TCI state list, a natural way is to use the DL PL as a reference PL and calculate the UL PL based on the DL PL associated with the PL RS and the pathloss offset associated with the target joint/UL TCI state. If the target joint/UL TCI state is already in the active joint/UL TCI state list, the UL PL associated with the target joint/UL TCI state is available at both network and UE, the network can update the UL PL associated with the target joint/UL TCI state by indicating an updated delta and the UE can update the UL PL in a way that the new UL PL = current UL PL + the updated delta. This is beneficial especially when the DL TRP cannot receive the UL SRS due to some reasons, e.g., due to the SRS-RSRP is too week. In this case, the network cannot obtain a valid PL offset between DL PL and UL PL and thus cannot update the PL offset if the previous PL offset is outdated.  But as long as the SRS can be received by the UL TRP, the network can obtain a delta PL between the new UL PL and the previous UL PL. 
Regarding the signaling overhead, since the delta refers to an offset between the new UL PL and a previous UL PL, the change of the DL PL doesn’t impact the delta and thus the MAC CE signaling to update the UL PL can be less frequent.
In addition, the impact of the L3 filtered RSRP is also minimized since the DL PL is used only for the target joint/UL TCI states that are not in the active joint/UL TCI state list. 
Proposal 5: Support to update UL PL for a joint/UL TCI state in a way that new UL PL = current UL PL + an update delta indicated by the NW.
· When the joint/UL TCI state is activated, 
· If the joint/UL TCI state is not in the active joint/UL TCI state list, reuse the legacy uplink power control formulation by replacing legacy PL with an UL PL which is derived from the DL PL RS and the PL offset.
· If the joint/UL TCI state is in the active joint/UL TCI state list, the UE updates the UL PL in a way that the new UL PL = current UL PL + the updated delta indicated by the NW.
In current specification, PL RS is always configured in a joint TCI state in case of joint TCI state mode is configured or in a UL TCI state in case of separate TCI state mode is configured. This is because the PL RS is from the same TRP corresponding the joint/UL TCI state. For asymmetric DL sTRP and UL mTRP scenario, since there is no DL signal from the UL TRP, the PL RS in the joint/UL TCI state corresponding to the UL TRP should be a DL RS, e.g., SSB or CSI-RS from the DL TRP. In this case, the PL RS in the TCI state corresponding to the UL TRP is from a different TRP. When the TCI state corresponding to a UL TRP is activated/indicated, the TCI state associated with the PL RS corresponding to the DL TRP may not be an activated/indicated TCI state for the DL TRP. Therefore, PL RS in the TCI state corresponding to the UL TRP may be not reliable and unnecessary. 
On the other hand, when a TCI state corresponding to a UL TRP is applied, there should be one or more activated TCI states corresponding to the DL TRP since only the DL TRP can transmit the DL channels/signals. In the case, the PL RS in one of activated TCI states corresponding DL TRP can be used.
Proposal 6: When a TCI state associated with a PL offset is applied for PUSCH/PUCCH/SRS transmission, and the PL offset is applied with respect to a DL PL, the UE derives the DL PL from a DL PL RS associated with one of the activated TCI states corresponding DL TRP.
Mechanism for uplink pathloss determination

As discussed in section 2.2, to calculate the uplink pathloss, the pathloss offset needs to be indicated by the network. In order to obtain the pathloss offset between the DL TRP and the UL TRP, the network needs to measure the uplink pathloss between the UE and each of the DL TRP and UL TRP based on some uplink signal reception and then the DL TRP and UL TRP can communicate with each other to derive the pathloss offset. 
As an illustrative example, also proposed by some companies in previous meeting, one way to measure the pathloss offset is based on SRS. For example, the UE transmit SRS(s) with same Tx power (e.g., a single SRS for FR1 or different SRSs with same Tx power for FR2) to DL TRP and UL TRP, the network can derive the PL offset based on the SRS-RSRP difference between DL TRP and UL TRP. This works well when the SRS can be received by both DL TRP and UL TRP. However, if the SRS-RSRP to the DL TRP is too week, the DL TRP may not be able to receive the SRS and thus cannot derive the PL offset between DL PL and UL PL. 
To address the above issue, a mechanism to measure uplink pathloss between UE and UL TRP is needed, in this case, the uplink Tx power need to be known by the network. After a UL TRP has been detected and UL transmission to the UL TRP is established, the network can obtain the uplink Tx power based on PHR report. However, before the UL transmission to a UL TRP is established, PHR is not available, and network cannot obtain the uplink Tx power based on PHR report. In this case, before the UL transmission to a UL TRP is established, the UE needs to transmit some uplink signal with known Tx power to facilitate the uplink pathloss determination at the network side. The existing SRS for beam management can be used for this purpose.
Observation 1: For uplink pathloss determination, the existing SRS with usage set to ‘beamManagement’ can be used.
For the SRS transmission for uplink pathloss determination, the uplink pathloss is neither known at the network nor at the UE before the UL transmission to a UL TRP is established. In this case, one reasonable solution is to configure or indicate a power spectral density (PSD) for the SRS. For example, if the PSD is power per RB, then  [dBm]. And the UE can determine an initial uplink Tx power for SRS, e.g.,  based on the configured or indicated PSD and the number of RBs allocated to the SRS, e.g., . To avoid inter-UE interference as well as relative large received power which may exceed the dynamic range of the receiver, it makes more sense to start from a small PSD value in which case if the SRS is not detected by any TRP, the network can increase the Tx power by using enhanced close-loop power control, e.g., MAC-CE based TPC command or updating the PSD dynamically. Once the network receives the SRS, the network can determine the uplink pathloss based on the received signal strength and the Tx power of SRS.
Proposal 7: Study mechanism for uplink pathloss determination by using the existing beam management SRS.

Discussion on PDCCH-order PRACH to UL TRP
In the last RAN1 meeting, the following has been agreed:
	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
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



It has been agreed to support applying PL offset on PDCCH-ordered PRACH towards a UL TRP in FR1. Before discussing how to indicate the PL offset for PDCCH-ordered PRACH for FR1, it would be better to discuss and decide whether to support applying PL offset on PDCCH-ordered PRACH towards a UL TRP for FR2 in order to have a unified solution. For FR2, this was discussed but not agreed since companies have different understanding on how to determine the Tx beam for PRACH in FR2. 
In the current specification, how to determine Tx beam is up to UE implementation. As an example, for UE with beam correspondence, the UE can determine the Tx beam for PRACH based on the Rx beam of the DL RS associated with the PRACH transmission. For UE without beam correspondence, the UE can try multiple Tx beams around the Rx beam of a corresponding DL RS associated with PRACH transmission for multiple PRACH attempts. However, for asymmetric DL sTRP/UL mTRP scenario, the UL TRP doesn’t transmit any DL signal and thus the Rx beam of the corresponding DL RS associated with PRACH cannot be used. In this case, if the Tx beam for PRACH is completely up to UE implementation without gNB guidance, the likelihood of successful PRACH procedure is very low.
For PDCCH ordered PRACH, it is triggered after RRC connection. In this case, some guidance for UL Tx beam determination of PRACH can be indicated by gNB. For example, different SRS resources within an SRS resource set with usage set to ‘beamManagement’ can be transmitted with different Tx beams (i.e., UL beam management based on SRS), gNB can measure the UL beam quality based on the SRS and indicate one (for UL sTRP) or two UL TCI states (for UL mTRP) associated with the SRS for later UL transmission. Therefore, for sTRP, the indicated TCI state can be used as guidance to determine the Tx beam for PDCCH-ordered PRACH. For mTRP, the PDCCH order can indicate which one of the indicated UL TCI states is used as guidance for PRACH Tx beam determination. This means that the UE doesn’t have to use the same Tx beam as the source RS in the indicated TCI state and the UE still has some freedom to use a different Tx beam for PRACH transmission. But in order to determine which Tx beam to use for PRACH, the UE needs some guidance from the network. Besides, since the indicated TCI state is also associated with a PL offset, the PL offset associated with the indicated TCI state can be used for PRACH power control.
For FR1, the similar solution, i.e., Alt.3, can be used to have a unified solution. For Alt.1 and Alt.2, to have more accurate PL offset indication, finer PL offset value and larger PDCCH order overhead is needed. In addition, for FR2, additional field may be needed to indicate the Tx beam for PRACH. However, the reserved bits in the PDCCH order DCI are very limited. For Alt.4, if the TCI state is the indicated TCI states, it is the same as Alt.3. For Alt.5, only one RRC configured PL offset can be used for PRACH, the accuracy of the PL offset is questionable.  
[bookmark: _Hlk166015934]Proposal 8: Support applying PL offset on PDCCH-order PRACH towards a UL TRP in FR2.
Proposal 9: To indicate a PL offset for PDCCH-order PRACH transmission for FR1 and FR2, support Alt.3 with the following modification:
· For UL sTRP, the PL offset associated with the indicated joint/UL TCI state for UL TRP in unified TCI framework is applied on the PDCCH-order PRACH transmission.
· For UL mTRP, 1 bit in the PDCCH order DCI is used to select one of the indicated joint/UL TCI states for UL TRP and the PL offset associated with the selected joint/UL TCI state is applied on the PDCCH-order PRACH transmission.

Proposal 10: To provide guidance for the Tx beam determination for PDCCH-order PRACH transmission for FR2, support the following:
· For UL sTRP, the Tx beam for PDCCH-order PRACH is based on the SRS associated with the indicated UL TCI state;
· For UL mTRP, 1 bit in the PDCCH order DCI is used to select one of the indicated UL TCI states for UL TRP and the Tx beam for PDCCH-order PRACH is based on the SRS associated with the selected UL TCI state.

For asymmetric DL sTRP and UL mTRP scenario, it is still possible to transmit PDCCH ordered PRACH to DL TRP if the UE needs to transmit UL to the DL TRP. In this case, the UE can determine the PRACH transmission power and beam based on legacy rule. The issue is how can the UE distinguish whether a PRACH is transmitted to DL TRP or UL TRP. In other words, when the PL offset or guidance for Tx beam (if supported) is indicated in the PDCCH order, how does UE know whether it should be applied or not.
Proposal 11: Study mechanism for distinguishing whether the PDCCH ordered PRACH is transmitted to DL TRP or UL TRP. 
Conclusion 
In this contribution, we proposed:
Proposal 1: Introduce a new RRC parameter twoSRS-PC-AdjustmentStates per BWP/CC to indicate two SRS closed-loop power control adjustment states are configured on a BWP/CC.
Proposal 2: For the asymmetric DL sTRP/UL mTRP deployment scenarios, when the UE is configured with two SRS CLPC adjustment states, the UE can update the UL PL in a way that the new UL PL = current UL PL + an updated delta indicated by NW, wherein the updated delta can be indicated by MAC CE.
Proposal 3: Support Alt.2: In addition to RRC, MAC-CE can be used to update the PL offset associated with the UL TCI state.
· The TCI state activation MAC CE can be used.

Proposal 4: Support Alt.1b, i.e., 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).

Proposal 5: Support to update UL PL for a joint/UL TCI state in a way that new UL PL = current UL PL + an update delta indicated by the NW.
· When the joint/UL TCI state is activated, 
· If the joint/UL TCI state is not in the active joint/UL TCI state list, reuse the legacy uplink power control formulation by replacing legacy PL with an UL PL which is derived from the DL PL RS and the PL offset.
· If the joint/UL TCI state is in the active joint/UL TCI state list, the UE updates the UL PL in a way that the new UL PL = current UL PL + the updated delta indicated by the NW.

Proposal 6: When a TCI state associated with a PL offset is applied for PUSCH/PUCCH/SRS transmission, and the PL offset is applied with respect to a DL PL, the UE derives the DL PL from a DL PL RS associated with one of the activated TCI states corresponding DL TRP.
Observation 1: For uplink pathloss determination, the existing SRS with usage set to ‘beamManagement’ can be used.
Proposal 7: Study mechanism for uplink pathloss determination by using the existing beam management SRS.
Proposal 8: Support applying PL offset on PDCCH-order PRACH towards a UL TRP in FR2.
Proposal 9: To indicate a PL offset for PDCCH-order PRACH transmission for FR1 and FR2, support Alt.3 with the following modification:
· For UL sTRP, the PL offset associated with the indicated joint/UL TCI state for UL TRP in unified TCI framework is applied on the PDCCH-order PRACH transmission.
· For UL mTRP, 1 bit in the PDCCH order DCI is used to select one of the indicated joint/UL TCI states for UL TRP and the PL offset associated with the selected joint/UL TCI state is applied on the PDCCH-order PRACH transmission.

Proposal 10: To provide guidance for the Tx beam determination for PDCCH-order PRACH transmission for FR2, support the following:
· For UL sTRP, the Tx beam for PDCCH-order PRACH is based on the SRS associated with the indicated UL TCI state;
· For UL mTRP, 1 bit in the PDCCH order DCI is used to select one of the indicated UL TCI states for UL TRP and the Tx beam for PDCCH-order PRACH is based on the SRS associated with the selected UL TCI state.

Proposal 11: Study mechanism for distinguishing whether the PDCCH ordered PRACH is transmitted to DL TRP or UL TRP. 
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