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Introduction
According to the WID for Rel-19 MIMO enhancement [1], enhancement for asymmetric DL sTRP/UL mTRP scenarios is required.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, Sony’s views of enhancement of power control parameter for asymmetric DL sTRP/UL mTRP deployment scenarios (e.g., UL pathloss configuration, closed-loop PC, etc.) are provided. 

Discussion
Asymmetric DL sTRP/UL mTRP 		deployment scenario
	An example of deployment scenario for asymmetric DL sTRP/UL mTRP is shown in Figure 1. It is assumed that UL TRP, which is capable of UL reception only and operates as UL-only cell, is deployed within the coverage of macro cell TRP which provides both DL and UL, and its coverage is overlapped with the macro cell TRP because the UL TRP does not provide any DL signals. A UE transmit to the UL TRP and receives DL signal from the macro cell TRP as shown in Figure 1. S-DCI based mTRP should be considered in the deployment scenario, because the UL TRP does not provide any DL signal/channel including CORESET(s) for a UE. To operate S-DCI based mTRP, an ideal fronthaul connection is established between the macro cell TRP and each of UL TRPs.
[image: ]
Figure 1: Example of asymmetric DL sTRP/UL mTRP deployment scenario

Observation 1: For asymmetric DL sTRP/UL mTRP deployment scenarios, it is assumed that coverage of the UL TRP as UL-only cell overlaps with the coverage of DL TRP as macro cell in heterogeneous network.
Observation 2: S-DCI based mTRP is considered in asymmetric DL sTRP/UL mTRP deployment.

Pathloss measurement and initial configuration (initial phase)
In RAN1#116 meeting [2], association of a UL TCI state with a PL offset was agreed. 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.

The following two options are how the NW calculates pathloss value of UL TRP.
Option 1: This option is to calculate UL transmit power - UL received power = pathloss of UL TRP, which is the same method as pathloss estimation in DL. In this option, since the network needs to know the actual UL transmit power, specification change for UL RS (e.g. SRS) transmission with constant power or reporting the actual UL transmit power to the network is required. 
In one alternative of this option, for reporting the actual UL transmit power to the network, the UE can explicitly report the transmission power of the SRS that is being transmitted to the UL TRP.
In another alternative of this option, the UE can indicate implicitly to the network the transmission power of the SRS without any additional signaling, by transmitting SRS with a known transmission power selected from a table. NR SRS is constructed based on Zadoff–Chu (ZC) sequences. The length of the sequence can be equal to the number of subcarriers in one PRB. By making cyclic shift of the same base sequence, a total of 12 sequences can be generated from a single PRB of 12 subcarriers. Hence, by numbering the cyclic shifts from 0 to 11, each cyclic shift can be pre-assigned to a unique SRS sequence with fixed transmission power. In other words, based on the cyclic shifts, association between a SRS transmit power in the UL and the cyclic shifts SRS sequences can be predefined as shown on table 1 below. The UL TRP will know which cyclic shift a UE has used for its SRS transmission by correlating different cyclic shifts of the base sequence of length 12, and the one with highest output peak is determined to be the one which the UE has used its UL SRS transmission.

Table 1. Example of association between SRS transmission power and the cyclic shift of the SRS sequence.
	SRS transmit power
	Corresponding Cyclic shift of the SRS sequence

	20dBm
	0

	18dBm
	1

	16dBm
	2

	14dBm
	3

	12dBm
	4

	10dBm
	5

	8dBm
	6

	6dBm
	7

	4dBm
	8

	3dBm
	9

	2dBm
	10

	1dBm
	11



In this option, the network could derive the pathloss offset as:
PL offset = DL pathloss of the DL TRP - UL pathloss of the UL TRP, where UL pathloss of the UL TRP = SRS transmit power of the UE –SRS received power at the UL TRP.  Note the network knows the DL pathloss as UE already reports DL pathloss of the DL TRP indirectly (like PHR).
The benefit of option 1 is that the Tx power of the UE to the UL TRP can be smaller as the UE is assumed to be closer to the UL TRP. Hence, it will contributes reducing the UL interference to other TRPs/cells.

[bookmark: _Hlk166154389]Option 2: In option 2, since there are DL TRP and UL TRP in this scenario as shown in the figure 2 and  DL TRP and UL TRP can simultaneously receive the UL RS signal (e.g. SRS) from the UE, the network can calculate DL TRP UL received power – UL TRP UL received power = pathloss offset. By simply notifying the UE of this pathloss offset, the pathloss value for UL TRP can be obtained by the formula of DL pathloss of the DL TRP + pathloss offset = pathloss of the UL TRP where the DL pathloss value of the DL TRP has been already known for the UE by estimating a DL RS transmitted from the DL TRP.
[image: ]
Figure 2: An explanation of pathloss offset 

For option 2, no spec change would be required since it works by network implementation only. Therefore, if only option 2 will be supported in Rel-19 MIMO, RAN1 does not need to agree anything more. However, option 2 would not work well especially in an environment such as FR2 where it would be difficult to reach SRS both to DL TRP and UL TRP using the same resource and the same Tx beam. In this case, option 1 is only option to measure pathloss of the UL TRP. Therefore, in our view, option 1 should be supported in order that the asymmetric DL sTRP/UL mTRP scenario would be applicable also to FR2.
Proposal 1: RAN1 should support the following method of pathloss offset determination:
· PL offset = DL pathloss of DL TRP - UL pathloss of UL TRP, where the UL pathloss of the UL TRP = SRS transmit power of the UE - SRS received power at the UL TRP.
· The SRS transmit power is implicitly or explicitly reported to the network.

Pathloss value update (maintenance phase)
In RAN1#116 meeting [2], association of a UL TCI state with a PL offset was agreed. 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.

According to the above agreement, it was determined that the UE initially calculates the UL pathloss which is derived from the DL pathloss RS and the PL offset indicated by the NW. On the other hand, “	FFS: The UE can update UL PL in a way that new UL PL = current UL PL + an update delta indicated by the NW.” is an open issue. 
For pathloss maintenance based on DL pathloss RS and pathloss offset, when the DL pathloss is changed, the network needs to send the updated pathloss offset even if the actual UL pathloss is not changed. In this case, unnecessary signalling for pathloss offset would be occurred. On the other hand, if UL pathloss calculation based on the update delta is supported, the network signals the update delta to UE only when the UL pathloss is changed. Another benefit for indication of the update delta for UL pathloss is that if UL pathloss calculation based on the update delta is supported, UL measurement only at the UL TRP would be enough to measure the update delta. The network does not need to calculate the pathloss offset on every UL measurement instance, which contribute to reduce backhaul signalling between a DL TRP and the UL TRP. Therefore, in our view, the UL PL update by using the update delta should be supported for UL PL maintenance.
Proposal 2: RAN1 should support UL PL update based on new UL PL = current UL PL + an update delta indicated by the NW.

As agreed in RAN1#116bis meeting [3], alternatives for updating PL offset associated with the UL TCI state were captured. 
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.

For alternative of RRC signalling only for updating the PL, although it would be simple way, RRC reconfiguration signalling would be needed whenever the UL PL is changed. Especially, it would not be an appropriate way for a high-speed UE of which the UL PL would be frequently changed or for a UE of which the link is blocked by objects. For such UEs, frequent RRC reconfiguration would be encountered which is not desirable due to overhead and latency. Moreover, adequate PL configuration might not be achieved for the high-speed UE. Since RRC reconfiguration takes long time (several hundred milliseconds), several dB in the UL PL may be changed during the reconfiguration to update the UL PL. Therefore, MAC-CE based PL offset updating is preferable.
Among alternatives for combination of MAC-CE and RRC signalling, we prefer Alt 1b (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)) since it is the simplest way. In our view, considering required bits to indicate, an initial pathloss offset value is configured by RRC signalling and an update delta is indicated by the MAC CE. We do not see any motivation to support other complicated methods such as having a list of PL offset configurations unless significant benefits are shown.
Proposal 3: 	For updating a UL PL, 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)) should be supported.

An event trigger when UE expects UL TRP pathloss is changed could be studied further. When the UE moves certain distance or RSRP value of the other cell (macro DL TRP or neighbor cell) changes, the UE would either make a request to the network or send UL RS (e.g. SRS) for the purpose of pathloss measurement. By using the event trigger, UE does not need to transmit periodic SRS or make a request to the network for the purpose of pathloss measurement update, which would contribute on UE power saving.
Proposal 4: Study further event triggering for pathloss offset update when UL TRP pathloss is expected to be changed.

Closed-loop PC adjustment states
TPC command
In the closed-loop PC adjustment of the current specification, the power adjustment indicated by TPC command is carried out. UE performs the power adjustment based on the calculation formula and the value according to the state of tpc-Accumulation. TPC command is transmitted in DCI format 2_2 or DCI format 2_3. TPC command is shown in Table 7.1.1-1 of TS 38.213[4] and UL transmission power can be adjusted according to the value of TPC Command Field.
TS 38.213V18.1.0
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


However, as mentioned in RP-232073[5], the pathloss gap between the UE to reference TRP and UE to UL reception point is quite diverged, which is larger than 15 dB for 50% UEs and 40 dB for 3% UEs. This causes the cell edge performance worse due to high interference caused by inaccurate TPC. This also indicates that signalling overhead increases if any TPC extension is not adopted as frequent DCI transmission is required. For example, if the difference between pathloss value between reference TRP and the UE and the actual path loss value between UL-only cell and the UE is 40 [dB], 40 times DCI transmission with TPC command value ‘00’ is required or 14 times transmission with TPC command value ‘10’ and ‘11’.  
To quickly converge the adjustment loop by TPC command, we propose TPC Command field value range extension.  There are two possible approaches for then range extension. One is to add a new line to the TPC Command list, which is shown in Table 4. In this approach, a new TPC command value appropriate for UL PC for UL-only cell can be added keeping existing values, while additional 1 bit is needed for TPC command indicator.  Another approach is to replace the TPC Command Value in the existing TPC command list for deployment, which is shown in Table 5. Adding new 1 bit for TPC command indication is not needed for this approach. However, replacement existing value with new value is necessary. 
[bookmark: _Hlk158385850]Table 4: Example of TPC command table extension (adding new line for UL PC for UL-only cell)
	TPC Command Field 
	Accumulated  or  [dB]
	Absolute  or  [dB] 

	0
	-1
	-4

	1
	0
	-1

	2
	1
	1

	3
	3
	4

	4
	Value 1 for UL PC for UL reception point
	Value 2 for UL PC for UL reception point


	5
	Value 3 for UL PC for UL reception point
	Value 4 for UL PC for UL reception point

	6
	Value 5 for UL PC for UL reception point
	Value 6 for UL PC for UL reception point


	7
	Value 7 for UL PC for UL reception point
	Value 8 for UL PC for UL reception point




Table 5: Example of TPC command table extension (replacing values for UL PC for UL-only cell)
	TPC Command Field 
	Accumulated  or  [dB]
	Absolute  or  [dB] 

	0
	-1
	-4

	1
	Value 1 for UL PC for UL reception  point
	Value 2 for UL PC for UL reception point 


	2
	1
	1

	3
	3
	Value 3 for UL PC for UL reception point




Proposal 5: RAN1 should study whether mapping of TPC Command Field should be enhanced or not.

Other transmission power control factors
Considering the adjustment of the UE transmission power to UL reception point, power control parameters (e.g. alpha and P0) other than pathloss offset and TPC command should be independently configured from reference TRP. In particular, power control parameters included in UL TCI state such as P0 and alpha can be reused for configuration of UL transmission power control for UL PC UL-only cell.
Proposal 6: Values of alpha and P0 for UL transmission to UL-only cell should be independently configured from reference TRP.

Supporting UL-only cell TA determination and initial access
Beyond the above discussion, whether UL-only cell supports initial access or not should be discussed. It would be beneficial for an idle mode UE to access the cell quickly when the idle mode UE is close to the UL-only cell.
To support UL-only cell for initial access, UL transmission power during initial access such as PRACH and PUSCH carrying msg3 needs to be also considered. It could be handled if pathloss is configured via SIB1 and UE can autonomously update the pathloss value depending on the UE location, which is discussed in section 2.3.
In addition, since distance between reference TRP and UL-only cell are different, UL transmission to the reference TRP and UL-only cell have different propagation delay. Supporting random access procedure on UL-only cell would be needed to solve the timing alignment issue. In a feature lead summary in the RAN1#116bis meeting [6], we have discussed the following proposal 3.1 which has not been agreed yet.
Proposal 3.1: To facilitate the asymmetric DL sTRP/UL mTRP deployment scenarios, support extending 2TA to single-DCI based mTRP and sTRP:
· FFS specification change to support this, for example, the function of Rel-18 two TA for multi-DCI based mTRP is reused with removing the restriction that coresetpoolIndex needs to be configured.
· FFS: further study the timing synchronization error

In our view, since 2 TA for single-DCI would be easily introduced with minor spec changes from 2 TA for multi-DCI, we support the extension of 2 TA to single-DCI based system to facilitate the asymmetric DL sTRP/UL mTRP scenarios.
Proposal 7: How to support separate timing advance (i.e., the extension of 2TA to single-DCI) and possibly initial access for UL-only cell should be discussed.

[bookmark: _Hlk47386123]Conclusions
The following observations and proposals were made in this contribution.
Observation 1: For asymmetric DL sTRP/UL mTRP deployment scenarios, it is assumed that coverage of the UL TRP as UL-only cell overlaps with the coverage of DL TRP as macro cell in heterogeneous network.
Observation 2: S-DCI based mTRP is considered in asymmetric DL sTRP/UL mTRP deployment.
Proposal 1: RAN1 should support the following method of pathloss offset determination:
· PL offset = DL pathloss of DL TRP - UL pathloss of UL TRP, where the UL pathloss of the UL TRP = SRS transmit power of the UE - SRS received power at the UL TRP.
· The SRS transmit power is implicitly or explicitly reported to the network.
Proposal 2: RAN1 should support UL PL update based on new UL PL = current UL PL + an update delta indicated by the NW.
Proposal 3: 	For updating a UL PL, 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)) should be supported.
Proposal 4: Study further event triggering for pathloss offset update when UL TRP pathloss is expected to be changed.
Proposal 5: RAN1 should study whether mapping of TPC Command Field should be enhanced or not.
Proposal 6: Values of alpha and P0 for UL transmission to UL-only cell should be independently configured from reference TRP.
Proposal 7: How to support separate timing advance (i.e., the extension of 2TA to single-DCI) and possibly initial access for UL-only cell should be discussed.
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