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1. BACKGROUND
RAN plenary #102 approved the WID for NR MIMO Phase 5 [1]. The WID covers five objectives, where one of the described objectives is to study and specify the operation related to asymmetric DL sTRP/UL mTRP scenario. For convenience, we list the current agreements from the last meeting #116bis on this agenda item [2]:

	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.

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 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.

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

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.

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.




In this contribution, we share our analysis of the open discussion points mentioned in the meeting minutes and make further proposals.

2. GENERAL DESCRIPTION
In this objective, a special case of multi-point deployment is considered where unlike conventional systems, uplink and downlink transmissions are asymmetric. In this deployment scenario, two different types of TRPs can be assumed, i.e., conventional TRPs with UL/DL capabilities and UL-only TRPs that are only capable of reception of the uplink signals. As such, no change of existing cell definition or defining is required. 
Since in such deployment, there is no downlink transmission of any form from any of UL-only cells, all DL transmissions are strictly from the main TRP. A typical deployment consists of at least one TRP with both downlink and uplink transmission capabilities, and at least one receive-only point (ROP). Figure 1 shows two different deployments based on conventional and UL-only TRP. In an UL-only TRP, the ROP is connected to the main TRP by a backhaul connection. Once an ROP receives an uplink signal, after some basic initial processing, it shares the signal for further processing to the main TRP.
The main benefit of ROP deployment is to improve uplink throughput, coverage, and reliability performance for cell edge UEs by mitigating limitations due to large pathloss and UE transmission power. Further, ROP deployment can reduce deployment cost, and facilitates deployments as there no concern for downlink interference.


[bookmark: _Ref148956735]Figure 1 – Conventional and uplink-only TRP operation


2.1 ASSOCIATION BETWEEN PL OFFSET AND JOINT/UL TCI STATE
During the recent RAN1 meetings, it was not clear whether an actual fixed PL offset value is configured by RRC only and then applied, or whether a PL offset parameter is configured by RRC and then an actual PL offset value can be updated by MAC-CE. In this regard, the following alternatives were agreed for down-selection:

	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 our view, just relying on RRC for indicating the actual PL offset value doesn’t make sense for the considered asymmetric mTRP scenario, because it would be equivalent to the P0 parameter setup by RRC that is already supported in the current specification. The reason why PL offset is needed for the asymmetric mTRP scenario is because the existing P0 parameter setup is not sufficient for the UL TRP as the UE may move in an arbitrary direction that cannot be properly compensated by the pathloss compensation term in the current power control formula, since the PL calculation is based on a DL RS transmitted from a DL sTRP. Therefore, a properly tracked PL offset value needs to be indicated or updated to the UE, which can be supported at least by Alt 1b, Alt 2b, Alt 3 and Alt 4.

Observation 1: MAC-CE based dynamic updates of PL offset allows to overcome any arbitrary change in the direction of UE movement which cannot be managed by the current open-loop pathloss compensation functionality. 

Proposal 1:  Down-select among Alt 1b, Alt 2b, Alt 3 and Alt 4, which are all based on MAC-CE based or dynamic PL offset updates. Actual PL offset value needs to be dynamically updated since a UE movement direction cannot be properly reflected in the pathloss compensation term which is based on a DL RS of the sTRP.

In more details on the MAC-CE based or dynamic PL offset value update, we think the corresponding Alt 1b, Alt 2b, Alt 3 and Alt 4 can be interpreted and categorized by three different options:
· Option#1 (Alt 1b): A direct PL offset value update via MAC-CE (e.g., the TCI activation command). For example, the MAC-CE may include an indication of a quantized PL offset value to be updated for a set of TCI-states, e.g., the activated TCI-states by the TCI activation command, in consideration of MAC-CE overhead.
· Option#2 (Alt 2b, Alt 3): Updating a linkage pointer for a UL TCI state by MAC-CE to indicate one PL offset value among multiple candidate PL offset values that are initially configured, e.g., by a separate table, by RRC.
· Option#3 (Alt 4): Dynamic updates of PL offset by UE based on measured PL range based on a configured set of PL offset values each corresponding to a measured RSRP range.

[bookmark: _Hlk166073805]In our view, both Options #1 and #2 are feasible as the network can use this functionality to adapt to potential UE movements in arbitrary directions, by updating the PL offset value along with the set of TCI-states associated with the UL TRP, which can be interpreted as a “larger-step size TPC command” using MAC-CE. Then, a closed-loop TPC command is jointly used for fine tuning of a properly controlled UL power level with respect to the UL TRP reception.
Option#3 also supports the dynamic PL offset update based on relying more on DL (e.g., anchor) TRP’s PL RS transmission especially for the case of joint TCI state, which can be a basis for a dynamic PL offset value selection at the UE side. For example, the UE can be configured or updated with a set of PL offset values, e.g., based on Option#3, where each PL offset value may be associated with a DL RS available measurement from the DL TRP. More specifically, a set of RSRP ranges can be defined and linked to a set of PL offset values that may be indicated semi-statically or updated by network as shown in Table 1.
 
Table 1. Example of linked PL Offsets to RSRP ranges
	RSRP range (dB)
	Range_1 
	Range_2 
	Range_3 
	Range_4 

	UL TRP Pathloss offsets (dB)
	PL_Offset_1
	PL_Offset_2
	PL_Offset_3
	PL_Offset_4



In the above example from Table 1, the UE would be able to autonomously update a PL offset value from the PL offset defined set by following the RSRP ranges. We think this kind of dynamic selection of PL offset value at the UE side can add more flexibility to the asymmetric mTRP deployments if this behavior is configured and enabled to the UE.

Observation 2: MAC-CE based PL offset updates (Alt 1b, 2b, 3) may be interpreted as a “larger-step size TPC command”, and on top of it, a closed-loop TPC command is jointly used for fine tuning of a UL power level to be properly controlled with respect to the UL TRP reception. Alt4 for dynamic PL offset updates by UE based on measured PL range has its advantage especially for the joint TCI state case.
[bookmark: _Hlk166074143]
Proposal 2: Support down-selection among the following options for MAC-CE based or dynamic PL offset updates:
· Option#1 (Alt 1b): A direct PL offset value update via MAC-CE (e.g., the TCI activation command). For example, the MAC-CE may include an indication of a quantized PL offset value to be updated for a set of TCI-states, e.g., the activated TCI-states by the TCI activation command, in consideration of MAC-CE overhead.
· Option#2 (Alt 2b, Alt 3): Updating a linkage pointer for a UL TCI state by MAC-CE to indicate one PL offset value among multiple candidate PL offset values that are initially configured, e.g., by a separate table, by RRC.
· Option#3 (Alt 4): Dynamic updates of PL offset by UE based on measured PL range based on a configured set of PL offset values each corresponding to a measured RSRP range.


2.2 PL OFFSET INDICATION FOR PDCCH-ORDER PRACH 
	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
· [bookmark: _Hlk166074388]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



[bookmark: _Hlk166074456]Considering the above agreement made in the last meeting, in our view, both Alt1, Alt2 or Alt4 work fine as PDCCH-order DCI can indicate one PL offset value to be used for PRACH transmission toward UL TRP. However, Alt3 (PL offset associated with the indicated TCI state for PUSCH) may not work properly, as the “indicated TCI state” should be understood as a final UL beam selection in a given time from gNB, which is not aligned with the motivation of the PRACH transmission toward the UL-TRP. Conversely, Alt1, Alt2 or Alt4 intends to have an independent control of PRACH power level (not tied with the current indicated TCI-state), which is a correct way for the PRACH transmission case. Alt5 has a flexibility issue in PRACH power control, as it relies on only one PL offset value configured by RRC and its updates can be only based on RRC-reconfiguration.
Especially for Alt1, for example, the UE can be configured or updated with a set of PL offset values, as shown in Table 2, where the set of PL offset values can be indicated semi-statically or updated by network.
 
Table 2. Example of a set of PL Offset values
	UL TRP Pathloss offsets (dB)
	PL_Offset_1
	PL_Offset_2
	PL_Offset_3
	PL_Offset_4



In the above example from Table 2, the network would be able to signal or indicate through DCI the appropriate PL offset value from the defined set to be used for the PRACH power control. This kind of dynamic selection of PL offset value at the UE side can add more flexibility to the asymmetric mTRP deployments if this behavior is configured and enabled to the UE.

Observation 3: For PDCCH-order PRACH power determination, 
· Alt3 (PL offset associated with the indicated TCI state) may not work properly as the indicated TCI state is used as a stable UL beam while the use case of PRACH transmission is different from that. Alt1, Alt2 or Alt4 intend to have an independent control of PRACH power level (not tied with the current indicated TCI-state), which is a correct way for the PRACH transmission case.
· [bookmark: _Hlk156408628]Configuring a PL offset value set in a separate table and selecting or updating one out of the table (Alt1) for a PDCCH-order PRACH transmission brings more flexibility in determining the PRACH power to the asymmetric mTRP deployment. Alt4 is a similar way but the offset is associated with a configured TCI state. 

Proposal 3: Support at least one of Alt1, Alt2 or Alt4 that allows an independent control of PRACH power level (not tied to the current indicated TCI-state), where for Alt1 the dynamic selection of PL offset is done by the PDCCH-order DCI among a configured set of PL offset values, and for Alt4 a PL offset is associated with a configured TCI state.


2.3 DETERMINATION OF TX BEAM OF PRACH TOWARDS UL TRP
Determination of the Tx beam of PRACH is an important issue for the considered asymmetric mTRP scenario. In RAN1#116 meeting the following points were raised for future study:
	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.



Currently, the system can enable periodic/semi-persistent SRS transmissions or to order an aperiodic SRS transmission from the UE, where the SRS transmissions can be configured with a parameter of usage set to ‘beam management’ for SRS beam sweeping. Thus, if the UE sends a particular SRS from a specific configured SRS resource set for uplink beam sweeping, the gNB can determine an optimal uplink beam for reception at the UL TRP which can be represented by an SRI. This process may be repeated if the first attempt is not satisfactory until an appropriate reception is achieved, while the UE may use a different spatial filter for a subsequent transmission and so on.
If a specific SRS resource (corresponding to an SRI) used for UL beam for the UL TRP was successful, the SRI can be used for the Tx beam determination of PRACH towards UL TRP. In an example, gNB can send a PDCCH PRACH order that includes the SRI, e.g., by using at least one bit of the 7 reserved bits in the DCI format 1_0 for the PDCCH order.

Observation 4: DCI format 1_0 for PDCCH order has enough reserved bits to accommodate an UL beam indication for PRACH toward the UL TRP.

Proposal 4: Introduce an UL beam indication (e.g., SRI) in DCI format 1_0 for a PRACH PDCCH order towards the UL TRP.


2.4 SUPPORT FOR TWO TAS SCENARIO
We noticed that many companies have shown support for two TAs in the last meeting based on the scenario including the UL TRP. Extending the functionality of Rel-18 two TA features in this area will expand the feature applicability to more deployments. In our opinion, having this feature considered as an extension to mTRP intra-cell with two TAs will be beneficial. 
We believe that implementing s-DCI mTRP for asymmetric DL/UL TRP scenarios with two TAs will not bring big specifications impact. The following configurations and operations are already supported:
· Two  values can be configured and have two TAGs ID as per mTRP intra-cell operation.
· The PDCCH PRACH order is already supporting cross TRP operation in Rel-18. 
The required specification changes are rather related to removing restrictions imposed by mTRP Rel-18 two TA operation, which is beneficial based on the scenarios considered in Rel-19.

Observation 5:.Supporting two TAs for the intra-cell mTRP in an s-DCI mTRP scenario including the asymmetric UL TRP is beneficial, by extending the feature deployment applicability.

Proposal 5: Support extending Rel-18 mTRP feature with two TAs for the asymmetric UL TRP operation in Rel-19.


3 Conclusions
In this contribution, we presented and discussed our views on the remaing cases for study, including implications of deployment scenario and potential aspects of enhancements. Based on the presented discussion, we make the following observations and proposals:

Observation 1: MAC-CE based dynamic updates of PL offset allows to overcome any arbitrary change in the direction of UE movement which cannot be managed by the current open-loop pathloss compensation functionality. 

Observation 2: MAC-CE based PL offset updates (Alt 1b, 2b, 3) may be interpreted as a “larger-step size TPC command”, and on top of it, a closed-loop TPC command is jointly used for fine tuning of a UL power level to be properly controlled with respect to the UL TRP reception. Alt4 for dynamic PL offset updates by UE based on measured PL range has its advantage especially for the joint TCI state case.

Observation 3: For PDCCH-order PRACH power determination, 
· Alt3 (PL offset associated with the indicated TCI state) may not work properly as the indicated TCI state is used as a stable UL beam while the use case of PRACH transmission is different from that. Alt1, Alt2 or Alt4 intend to have an independent control of PRACH power level (not tied with the current indicated TCI-state), which is a correct way for the PRACH transmission case.
· Configuring a PL offset value set in a separate table and selecting or updating one out of the table (Alt1) for a PDCCH-order PRACH transmission brings more flexibility in determining the PRACH power to the asymmetric mTRP deployment. Alt4 is a similar way but the offset is associated with a configured TCI state. 

Observation 4: DCI format 1_0 for PDCCH order has enough reserved bits to accommodate an UL beam indication for PRACH toward the UL TRP.

Observation 5:.Supporting two TAs for the intra-cell mTRP in an s-DCI mTRP scenario including the asymmetric UL TRP is beneficial, by extending the feature deployment applicability.

Proposal 1:  Down-select among Alt 1b, Alt 2b, Alt 3 and Alt 4, which are all based on MAC-CE based or dynamic PL offset updates. Actual PL offset value needs to be dynamically updated since a UE movement direction cannot be properly reflected in the pathloss compensation term which is based on a DL RS of the sTRP.

Proposal 2: Support down-selection among the following options for MAC-CE based or dynamic PL offset updates:
· Option#1 (Alt 1b): A direct PL offset value update via MAC-CE (e.g., the TCI activation command). For example, the MAC-CE may include an indication of a quantized PL offset value to be updated for a set of TCI-states, e.g., the activated TCI-states by the TCI activation command, in consideration of MAC-CE overhead.
· Option#2 (Alt 2b, Alt 3): Updating a linkage pointer for a UL TCI state by MAC-CE to indicate one PL offset value among multiple candidate PL offset values that are initially configured, e.g., by a separate table, by RRC.
· Option#3 (Alt 4): Dynamic updates of PL offset by UE based on measured PL range based on a configured set of PL offset values each corresponding to a measured RSRP range.

Proposal 3: Support at least one of Alt1, Alt2 or Alt4 that allows an independent control of PRACH power level (not tied to the current indicated TCI-state), where for Alt1 the dynamic selection of PL offset is done by the PDCCH-order DCI among a configured set of PL offset values, and for Alt4 a PL offset is associated with a configured TCI state.

Proposal 4: Introduce an UL beam indication (e.g., SRI) in DCI format 1_0 for a PRACH PDCCH order towards the UL TRP.

Proposal 5: Support extending Rel-18 mTRP feature with two TAs for the asymmetric UL TRP operation in Rel-19.
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