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Introduction
The WID [1] of NR MIMO evolution Phase 5 was agreed in RAN#102 meeting. The objectives related to this agenda item is listed below
2. 
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.

In this contribution, we present our view on the enhancement of asymmetric DL sTRP and UL mTRP scenario. 
Scenarios and assumptions 
The deployment of heterogeneous networks (HetNets) is a strategy to improve user experience by combining macro cells with smaller cells (e.g., micro, pico, and femtocells). This setup caters to the differing needs of users and helps improve overall network coverage and capacity, particularly for uplink (UL) throughput.
This scenario provides a strategic advantage in network topology, catering to dense urban environments where uplink data traffic is significantly high. By offloading the uplink communication to dedicated UL-only TRPs, NW can efficiently manage the increased uplink traffic without overburdening the regular TRP, which manages both uplink and downlink. Such a deployment scenario is instrumental in improving uplink throughput and enhances network capacity and coverage.
The basic scenario of asymmetric deployment is illustrated in Figure 1. UE is engaged in downlink communication with a regular TRP capable of both downlink and uplink transmission. However, for UL communication, the UE targets a separate TRP, designated as an UL-only TRP.


Figure 1 [bookmark: _Ref110956393][bookmark: _Ref157433766]: the asymmetric deployment scenario in which a UE communicates with one single TRP for DL and with one or more TRPs for UL
In the WID [1], the assumptions for the enhancement in this agenda item was explicitly listed in what follows. From our point of view, those assumptions underlying this deployment are constrained to ensure focus and manageability in standardization efforts. 
· DL sTRP/UL mTRP deployment
· Intra-band & intra DU & non-co-located mTRP
· No definition change on cell
· Reuse Rel-17/18 unified TCI framework
· Applicable to both FR1 and FR2
Enhancements on dynamic power control for SRS
In the asymmetric deployment scenario, UE may transmit SRS towards multi-TRP including regular TRP and UL-only TRP. 
However, in legacy releases, dynamic power control for SRS was inherited from the design of single TRP, i.e. single close-loop power control state. Specifically, the close-loop index (CLI) was not independently introduced along with the TPC command for SRS, e.g. in DCI format 2_3. But for PUSCH and PUCCH, two separated close-loop power control states have been already supported and SRS can be configured to follow that of PUSCH. 
According to the objective, it is time to specify two close-loop power control states for SRS has come. Particularly, it is for the case when SRS is configured not to follow the close-loop power control states of PUSCH. In RAN1#116 (the very first meeting of Rel-19 MIMO), RAN1 agreed to support it as a high-level consensus as below.
[bookmark: _Hlk110684705]Agreement
To facilitate the asymmetric DL sTRP/UL mTRP deployment scenarios, support two closed-loop PC adjustment states for SRS in one CC, both of which are separate from that of the PUSCH.

Two closed-loop PC adjustment states for SRS
To enable two closed-loop power control states, the DCI carrying dynamic TPC should also indicate which closed-loop PC state the TPC associates with. From this sense, RAN1 has achieved the following agreements which list a few of options and alternatives to address this signaling design issue. 
Agreement
Study how to indicate TPC command for those two SRS CLPC adjustment states through DCI when the UE is configured two SRS CLPC adjustment states, down-select from the following options:
· Option 1: enhance the legacy DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeA;
· Option 2: enhance the legacy DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeB;
· Option 3: enhance the legacy DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeA and typeB;
· Option 4: enhance DCI format 1_1 and/or 0_1 to indicate TPC for SRS CLPC adjustment states
· Option 5: enhance the legacy DCI format 2_3 by introducing a new Type for higher layer parameter srs-TPC-PDCCH-Group
· Option 6: new DCI format to indicate TPC for SRS CLPC adjustment states
· Other options are not precluded.
For the Options1, 2, 3 and 5, consider at least the following Alts as possible examples:
· Alt1: In DCI format 2_3, add one additional TPC command for each CC configured with two SRS CLPC adjustment states, 
· the first TPC command is associated with the first SRS CLPC adjustment state and the second TPC command is associated with the second SRS CLPC adjustment state.
· 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. 
· Alt3: use two different TPC-SRS-RNTIs for DCI format 2_3: 
· DCI format 2_3 with CRC scrambled with the first TPC-SRS-RNTI and the second TPC-SRS-RNTI indicates the TPC command for the first and second SRS CLPC adjustment state, respectively. 
· Alt4: Implicit method


The first three and the 5th options enhance the legacy DCI format 2_3 which contains the SRS TPC command for one or a group of UEs. The difference among Option 1, 2, 3 and 5 is whether/how to support the higher-layer parameter srs-TPC-PDCCH-Group (or a new parameter) = typeA and/or typeB. Option 4 aims to enhance the commonly used DL and/or UL scheduling DCI (format 1_1 and 0_1 respectively) whereas Option 6 intend to introduce a new DCI format for this purpose. From our understanding, the baseline should be to reuse the legacy DCI format 2_3 as much as possible, rather than introducing new functions for legacy DCI or new DCI format. 
As for two types of SRS TPC, i.e. TypeA and TypeB, we probably should bring the enhanced feature for both types, otherwise we may have to pay a re-visit in future days. Given above being said, we have 
Proposal 1: Support (Option 3) to enhance legacy DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeA and typeB. 
Under options related to DCI format 2_3, four different alternatives were proposed to associate SRS TPC command(s) with SRS CLPC adjustment state(s). 
In Alt1 it proposed one additional TPC command for each CC along with existing SRS TPC command. Then straightforwardly, two TPC commands correspond to two CLPC adjustment states. But one additional bit (2 bits for TPC command vs. 1st for CLI) seems unnecessary since one DCI format 2_3 adjusts SRS power towards UL-only TRP and regular TRP simultaneously. 
As for Alt2, it follows the legacy approach, e.g. in DCI format 2_2 for PUCCH/PUSCH TPC command, by introducing 1-bit CLI field. It seems unified design for PUCCH/PUSCH/SRS in our view.
The other remaining solutions try to address this signalling design from other aspects. For instance, Alt3 involves two different scrambling RNTIs, i.e. TPC-SRS-RNTIs to differentiate which SRS CLPC adjustment states. Since the group common DCI may contain Block 1, Block 2, …, Block B scrambled by TPC-SRS-RNTI for a group of UEs, in fact it seems not always feasible to apply the 1st TPC-SRS-RNTI or 2nd TPC-SRS-RNTI for all UEs of the group. Hence, we don’t think it is a very reasonable design. In addition, Alt4 with implicit method seems not clear enough to capture how it works. With above being said, we have 
Proposal 2: Support (Alt2) to introduce one 1-bit closed-loop-indicator (CLI) field for each TPC command in DCI format 2_3. 
Given above design agreed, the formula of calculating transmission power of SRS in TS 38.213 should be changed accordingly. At least the CLI (index l) should be reflected in the formula below when SRS is configured not to follow power adjustment of PUSCH. 

In RAN1#116, the following agreement was made to associate SRS CLPC with SRS in what granularity. 
Agreement
To support two SRS CLPC adjustment states, study and possibly down-select at least one from the following Alts:
· Alt1: SRS CLPC adjustment state is associated with SRS resource set
· Alt2: When the parameter srs-PowerControlAdjustmentStates is set to 'separateClosedLoop', closedLoopIndex-r17 in the TCI state indicates one of the SRS CLPC adjustment states
· Alt3: Add one extra parameter in P0AlphaSet-r17 of TCI state to indicate one of those two SRS CLPC adjustment states
· Alt4: SRS CLPC adjustment state is associated with SRS resource usage type
Note: Other alternatives are not precluded


In Alt1 literally, the SRS CLPC adjustment state is associated with SRS in resource set level, whereas Alt4 is associated with SRS in usage level. Considering the R17/R18 TCI framework assumed for this working item, we don’t think other granularity other than TCI state is necessary. In short, CLI (same as P0, alpha and PL RS) can be configured/associated with each UL/joint TCI state. 
As for Alt2 and Alt3, the legacy rule says that only when SRS follows that of PUSCH, the CLI of an indicated TCI state applies. As in our case where SRS configured as separate CLPC from PUSCH, what we need to do is to simply remove such restrictions. Reusing the parameter in P0AlphaSet-r17 seems enough, no matter SRS follows that of PUSCH. From this sense, we have
Proposal 3: Support (Alt2) closedLoopIndex-r17 in the TCI state to indicate one of the SRS CLPC adjustment states, When the parameter srs-PowerControlAdjustmentStates is set to 'separateClosedLoop'.
Introducing PL offset(s)
For UL-only TRP, since no DL RS transmitted, UE cannot measure its path loss (PL) from the UL-only TRP. In legacy, the UE measures the PL from the regular TRP. Hence, a PL offset (based on the PL RS from regular TRP) should be introduced according to the WID. 
In RAN1#116, RAN1 made the following agreement to set the association between UL TCI state and a PL offset and to replace legacy PL with UL PL. 
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.

One of the FFSs is whether/how to apply PL offsets for PDCCH-order PRACH. Note that all other channels/signals toward UL-only TRP can apply the PL offset associated with UL TCI state. Moreover, the PRACH itself can be associated with a few of other features/functions in NR system. Not only for 2 TA of S-DCI MTRP, but also LTM, RACH procedure related to higher layer, etc. For FR1, even without PL RS from UL-only TRP, UE can anyway send PRACH toward UL-only TRP according to a PDCCH order. The reason is that UE doesn’t have to consider beam-specific UL transmission. From this sense, we believe it is reasonable to support PL offset for PDCCH-ordered PRACH at least at FR1. 
Proposal 4: Support to apply a PL offset on PDCCH-order PRACH transmission toward UL-only TRP at least at FR1. 
Next, as for PDCCH-order PRACH at FR2, the determination of Tx beam for PRACH seems a key issue to be addressed. Notice that the DL RS for QCL-TypeD from UL-only TRP doesn’t exist according to the asymmetric setting. So, it seems the SSB indicated in PDCCH-order cannot be directly used as in legacy. We have to replace it with Tx beam information for UL-only TRP. 
One way to this end is to replace the SSB index with one SRS resource indicator in PDCCH order. UE can transmit the PRACH according to the Tx beam of the indicated SRS. 
Another way for this purpose is one more step forward and more compact. That is to replace SSB index with an UL/Joint TCI state ID. According to this indicated UL/Joint TCI state ID, UE may not only find its Tx beam direction, but also obtain UL power control parameters as well. 
Proposal 5: Study the following options to determine Tx beam for PDCCH-order PRACH toward UL-only TRP at FR2
· Option 1: replace the SSB with SRS resource in PDCCH order
· Option 2: replace the SSB with UL/joint TCI state in PDCCH order
Measurement on the PL offset between regular TRP and UL-only TRP
The first question that comes to our mind is that how could NW configure the PL offset with respect to one PL RS, in the asymmetric deployment scenario. The intuitive way is to take advantages of the channel reciprocity. Specifically, the UL PL can be used as DL PL. A UE can transmit SRS toward both UL-only TRP and regular TRP. Then it is up to NW side to estimate two PLs and then to calculate the PL gap which can be configured/used as PL offset. 
For instance, UE sends one SRS resource(s) to UL/DL (regular) TRP which measures the received power. In addition, the UE can also report Type 3 PHR (for SRS) including Pc,max and power headroom, which can be helpful in determining the exact Tx power of SRS at regular TRP. With above information, regular TRP can derive the UL PL from UE to regular TRP. On the other hand, UE sends another SRS resource to UL-only TRP. Similarly, the UL-only TRP can measure the received power of SRS. 
Observation 1: SRS can be reused for NW to estimate the UL PL gap from UE to regular TRP and from UE to UL-only TRP. 
But at the stage of determining PL offset(s), the Tx power of the SRS might be too high (given the formula in TS 38.213) to interfere other TRP(s). Assuming UE located near the UL-only TRP, it is necessary to back-off or pre-compensate the Tx power of SRS toward the UL-only TRP. One basic approach is to set one PL offset value for SRS, e.g. -20dB given the PL RS measured from regular TRP. Signaling-wise, this value can be absorbed into P0 setting. In other words, to avoid interference from the SRS (targeted for UL-only TRP), it can be addressed via implementation. 
Observation 2: The Tx power of SRS toward UL-only TRP can be controlled via implementation, e.g. power back-off absorbed into P0 setting. 
Common PL offset(s)
By checking the current IE of UL/joint TCI state in TS 38.331, the power control parameters P0, alpha and CLI can be configured within TCI state on a per channel/signal basis. But there is only one PL RS configured with each UL/joint TCI state. From this sense, we tend to think one common PL offset for PUSCH/PUCCH/SRS should be sufficient. 
Proposal 6: Support commonly configured PL offset(s) in UL/joint TCI state for PUSCH/PUCCH/SRS/[PRACH]. 
PL offset(s) update
In RAN1#116, the following agreement on PL offset update has been achieved. 
 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

Since UE may roam unpredictably within a cell or across multiple cells, the PL offset configuration per UL/joint TCI state seems static and thus insufficient to facilitate UE mobility. Let’s take the scenario of Figure 2 as an example, where a UE moves away from the regular TRP under the same DL beam coverage (implying the same PL RS). Due to the change from UE position 1 to position 2, the proper PL offset should also be changed/switched accordingly, i.e. from PL offset 1 to PL offset 2. 
To facilitate intra-cell beam-level mobility, it is necessary for NW to switch PL RS and/or PL offset. For this case, it is surely undesirable to involve the RRC reconfiguration to adjust the Tx power toward UL-only TRP (configuring another PL RS and/or PL offset which works more suitably). 


Figure 2 [bookmark: _Ref157616836]: the intra-cell mobility scenario in which the suitable PL offset may change given the same PL RS
To address this issue, more dynamic signaling aspects should be considered. Specifically, RRC signal could configure multiple PL offsets along with PL RS on per UL/joint TCI state basis. Then NW could adopt one MAC CE to activate one PL offset from the configured ones for the associated PL RS. 
To change the PL offset in an even faster way, based on RRC configuration of multiple PL offsets per UL/joint TCI state, MAC CE could activate more than one PL offsets for more dynamic selection. 
Proposal 7: [bookmark: _GoBack]Support (Alt2) to update the PL offset associated with UL/joint TCI state via MAC CE.
Extended delta value for TPC command
After RAN1#116, it is still possible that the PL offset value can only be statically configured and no dynamic updating approach allowed. From this sense, the existing value in Table 7.1.1-1 of TS 38.213 providing up to 3 (accumulated) or 4 dB (absolute) Tx power change per TPC command seems not sufficient. Under such circumstances, to achieve faster power control adjustment for all UL channels/signals, bigger steps should be considered by adding more values into Table 1. It should be enhanced not only for SRS, but also for all UL channels/signals. 
Table 7.1.1-1: Mapping of TPC Command Field in a DCI format scheduling a PUSCH transmission, or in DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, or in DCI format 2_3, to absolute and accumulated  values or  values 
	TPC Command Field 
	Accumulated  or  [dB]
	Absolute  or  [dB] 

	0
	-1
	-4

	1
	0
	-1

	2
	1
	1

	3
	3
	4


The new values as examples in Table 1 can be found in red.
Table 1. Mapping of TPC Command Field in a DCI format 2_3 to absolute and accumulated  values or  values (with newly added values)
	TPC Command Field 
	Accumulated  or  [dB]
	Absolute  or  [dB] 

	0
	-6
	-10

	1
	-3
	-7

	2
	-1
	-4

	3
	0
	-1

	4
	1
	1

	5
	3
	4

	6
	6
	7

	7
	9
	10


Proposal 8: Considering no dynamic PL offset update (if MAC CE based PL offset update not supported), support  faster power control adjustment by adding new delta values for CLPC for PUCCH/PUSCH/SRS/[PRACH].
Conclusion
In this section, allow us to repeat our proposals 
Proposal 1: Support (Option 3) to enhance legacy DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeA and typeB. 
Proposal 2: Support (Alt2) to introduce one 1-bit closed-loop-indicator (CLI) field for each TPC command in DCI format 2_3. 
Proposal 3: Support (Alt2) closedLoopIndex-r17 in the TCI state to indicate one of the SRS CLPC adjustment states, When the parameter srs-PowerControlAdjustmentStates is set to 'separateClosedLoop'.
Proposal 4: Support to apply a PL offset on PDCCH-order PRACH transmission toward UL-only TRP at least at FR1. 
Proposal 5: Study the following options to determine Tx beam for PDCCH-order PRACH toward UL-only TRP at FR2
· Option 1: replace the SSB with SRS resource in PDCCH order
· Option 2: replace the SSB with UL/joint TCI state in PDCCH order
Proposal 6: Support commonly configured PL offset(s) in UL/joint TCI state for PUSCH/PUCCH/SRS/[PRACH]. 
Proposal 7: Support (Alt2) to update the PL offset associated with UL/joint TCI state via MAC CE.
Proposal 8: Considering no dynamic PL offset update (if MAC CE based PL offset update not supported), support  faster power control adjustment by adding new delta values for CLPC for PUCCH/PUSCH/SRS/[PRACH].
References
[1] [bookmark: _Ref95401583][bookmark: _Ref100677722][bookmark: _Ref157506917]RP-234007, New WID: NR MIMO Phase 5, Samsung, RAN#102, Dec. 2023
Microsoft_Visio_Drawing.vsdx
UL-only TRP
Regular TRP



Backhaul
DL (PL RS)
UL Tx with PL offset
UE

SRS TPC associated with CLI
SRS TPC associated with CLI



image2.emf
UL-only TRP

Regular TRP

DL (PL RS)

UL Tx with 

PL offset 2

UE Position 2

UE Position 1

UL Tx with 

PL offset 1


Microsoft_Visio_Drawing1.vsdx
UL-only TRP
Regular TRP



DL (PL RS)
UL Tx with PL offset 2
UE Position 2
UE Position 1

UL Tx with PL offset 1



image1.emf
UL-only TRP

Regular TRP

DL (PL RS)

UL Tx with 

PL offset

UE

SRS TPC 

associated 

with CLI 

SRS TPC 

associated 

with CLI 


