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Introduction
[bookmark: _Hlk510705081]A New Work Item for Rel19 MIMO evolution was approved in RAN#102 [1]. 
	
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. 







Figure 1: Asymmetric DL sTRP/UL mTRP scenarios (UL-only TRP) deployment
Figure 1 depicts the scenario defined in the WID [1]. The DL transmission is from only single TRP. This TRP is also capable of UL reception. Several UL-only TRPs are deployed in the area closer to the cell edge. The DL and UL capable TRP functions as an anchor point and has the backhaul connection with all UL-only TRPs. The UL-only TRPs won’t be able to transmit reference signals in the DL. The UEs may listen to the SSB and DL control information from the single serving TRP and transmit data and control information to serving sTRP or UL-only TRP or both depending on the deployed MIMO transmission reception technique. Both the FR1 and FR2 bands can be used in the deployment. 

Discussion


Figure 2: Uplink transmission in the presence of UL-only TRP
The WID states that two closed-loop PC adjustment states need to be specified for SRS, which are both separate from PUSCH adjustment states. In RAN1 #116bis, the following agreement was made:
	Agreement(RAN1 #116bis Changsha)
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;



As the group common control signalling may have some coverage and reliability limitations, additional proposal on using UE-specific control signalling (specifically, DCI format 1_1 and 0_1, using which SRS can be triggered) has been on the table. The following agreement was made in this regard at RAN1 #116bis:
	Agreement(RAN1 #116bis Changsha)
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.



It should be noted that, DCI format 0_1 supports up to two PUSCH CLPC command fields, and DCI format 1_1 supports up to two PUCCH CLPC command fields, where the cases with two TPC command fields was introduced in Rel-17 for multi-TRP UL scenarios.
Indicating TPC command for SRS would require adding one or two TPC command fields (e.g., 2 or 4 bits) in each of DCI formats 1_1 and 0_1, in addition to existing up to TPC command fields. One issue with such proposal is that it increases the DCI size/overhead.
Observation 1: As group common control signalling may have some coverage and reliability limitations, UE-specific DCI format 1_1 and 0_1 could be further considered in the discussions regarding indicating TPC command for SRS. However, that would require adding one or two TPC command fields (for SRS) in each of DCI formats 1_1 and 0_1, in addition to existing up to TPC command fields (for PUCCH/PUSCH).

The unified TCI states have been standardized in 5G NR Rel. 17 and 18. They carry associated PL RSs for measurements. It is straightforward to associate the PL offset with the TCI state. The configuration of the PL offset associated with the TCI state could be configured in RRC. There could be multiple ways to convey the PL Offset indication to the UEs from serving gNB. The power control command of the closed-loop power control over DCI may be leveraged. A new MAC control element could be defined to cover such an indication. In RAN1#116bis, the following alternatives were agreed for down selection.
	Agreement(RAN1 #116bis Changsha)
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.



Proposal 1: For the association between PL offset and joint/UL TCI state, adopt at least Alt1b: One PL offset value is configured in a joint or UL TCI state by RRC. A MAC CE can be used for updating the PL offset value(s) for joint or UL TCI state(s) 
When the PL offset value is updated via MAC CE, it needs to be quantized. There is a trade-off between quantization error and overhead when selecting the number of bits. The number of bits used to represent the PL offset should not change with different deployment scenarios. Our evaluation results in the Appendix show that the range of the PL offsets is quite similar for different deployment scenarios. Our simulation results didn’t show much variation in performance for 2, 3, or 4-bit quantization of the pathloss offset.
Proposal 2: Study and compare the performance with the different quantization levels of pathloss offset indication.  

When the UL-only TRPs are introduced in the network, the transmit power calculation of the UE to UL-Only TRP link needs to use the pathloss of the UE to UL-Only TRP link. As the UE doesn’t have the means to estimate it, the serving gNB sends the pathloss gap (difference) to the UE. The UE estimates pathloss of the serving gNB to UE link and uses along with the pathloss gap indicated by the serving gNB to calculate the pathloss of the UE to UL-only TRP link. Thus, the power control formula needs to be updated for the UL-Only TRP deployments. 
	Agreement(RAN1 #116bis Changsha)
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.




According to section 7 of 3GPP TS 38.213, if a UE transmits PUSCH on active UL BWP b of carrier f of serving cell c using parameter set configuration with index 𝑗 and PUSCH power control adjustment state with index 𝑙, the UE determines the PUSCH transmission  in transmission occasion  as 

(1)
A new term, the pathloss offset  is introduced in the expression (1). It may be defined as follows,
 . In situations where  , ‘‘ ” will be used in equation (1).
The UE calculates SRS transmission power in dBm for the UE to UL-only TRP link 

(2)
[bookmark: _Hlk154045739]Where, active UL BWP b of carrier f of serving cell c using SRS power control adjustment state with index l, during transmission occasion 'i'. The UE to serving gNB link pathloss is applied to . 
The UE determines its Tx power of PUCCH on UL BW part b of carrier f of serving cell c using PUCCH power control adjustment state with index , using parameter set , path loss reference   in PUCCH transmission period  as shown in the equation below.

(3)
Proposal 3. For the transmit power calculation of a UL channel/signal towards a UL-only TRP, account for the pathloss offset in the corresponding transmission power formula by considering the pathloss offset parameter subtracted from or added to the existing pathloss component. 

In the presence of UL-Only TRPs, the RACH process (both the CFRA and CBRA) may use a lower transmission power level to reach one of the closest UL-Only TRPs and improve the RACH performance in the cell. By the PDCCH order or other means, gNB may indicate the suitable UL-Only TRP for the RACH and the required pathloss gap values. In the RAN1#116bis, the following alternatives were agreed.
	Agreement(RAN1 #116bis Changsha)
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




Indicating the PL offset using PDCCH-Order DCI is a straightforward solution. In addition, in Rel- 18 the cross TRP PDCCH-order RACH was standardized. We believe that applying the PL offset value associated with the joint or UL TCI state to the PDCCH order is also a feasible solution and doesn’t incur additional overhead. Moreover, the alternative where PDCCH order DCI indicates one TCI state associated with the PL offset is also a possibility. 
However, we think it would be better that RAN1 first decides whether a TCI state should be indicated in the PDCCH order, before down-selecting on how to indicate pathloss offset for PDCCH-order PRACH.
Proposal 4: RAN1 to preferably first decide whether a TCI state should be indicated in the PDCCH order, before down-selecting on how to indicate pathloss offset for PDCCH-order PRACH. 
For indicating a PL offset for PDCCH-order PRACH transmission, our preference is Alt.2 or Alt3. We would be open to consider Alt4 if indicating TCI state in the PDCCH order is agreed.
Proposal 5: For indicating a PL offset for PDCCH-order PRACH transmission, support any of Alt2, Alt3, and Alt4 (if it’s agreed to indicate TCI state in the PDCCH order):
· 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.

In addition, the enhancements to the power control of the PUSCH and PUCCH transmissions after the successful transmission of the RACH preamble may be studied.
Proposal 6: Discuss whether UL transmissions of RACH procedures, such as PRACH Msg3 (for the 4-step RACH procedure) and MsgA (for the 2-step RACH procedure), are within the scope of the working item.    

There is no DL transmission from UL-only TRPs towards UEs in the UL-only TRP deployments. The UE doesn’t have the pathloss between UL-Only TRP to UE or the pathloss offset value indicated by the gNB to make the initial SRS power level calculation. The accurate initial SRS power is necessary for accurate channel estimation at the UL-Only TRP. It is beneficial to indicate the initial SRS power level to the UE from gNB via MAC CE or RRC signaling. The MAC CE used for pathloss offset could also be leveraged for SRS initial power level indication.
Proposal 7. The SRS initial power level is indicated to UE via MAC CE or RRC signaling.

The Rel. 18 MIMO WI included the two TA enhancements for UL multi-DCI for multi-TRP operation. UL-Only TRPs don’t have the capability to transmit DL control and data signals. Thus, it requires 2 TA enhancements for single DCI for multi TRP operation. It was discussed in the item 5 of the WID for the Rel. 19, asymmetric sTRP/mTRP (UL-Only TRP) but was not included. We propose to explore the possibility of including the limited scope 2TA enhancements for single DCI mode to enable UL-Only TRPs. 
Proposal 8: Consider including the 2TA enhancements for single-DCI mode in the WID scope without extending the TU allocation in order to enable transmissions towards UL-only nodes/TRPs.


Conclusion
In this contribution, we make the following observations
Observation 1: As group common control signalling may have some coverage and reliability limitations, UE-specific DCI format 1_1 and 0_1 could be further considered in the discussions regarding indicating TPC command for SRS. However, that would require adding one or two TPC command fields (for SRS) in each of DCI formats 1_1 and 0_1, in addition to existing up to TPC command fields (for PUCCH/PUSCH).
Observation 2: Quantized pathloss offset (gap) values (2/3/4 bits) didn’t cause any significant performance loss.
Observation 3: The pathloss offset (gap) distributions for Umi, Uma and RMa deployments show similar range,
we make the following proposals:
Proposal 1: For the association between PL offset and joint/UL TCI state, adopt at least Alt1b: One PL offset value is configured in a joint or UL TCI state by RRC. A MAC CE can be used for updating the PL offset value(s) for joint or UL TCI state(s) 
Proposal 2: Study and compare the performance with the different quantization levels of pathloss offset indication.
Proposal 3. For the transmit power calculation of a UL channel/signal towards a UL-only TRP, account for the pathloss offset in the corresponding transmission power formula by considering the pathloss offset parameter subtracted from or added to the existing pathloss component. 
Proposal 4: RAN1 to first decide whether a TCI state should be indicated in the PDCCH order, before down-selecting on how to indicate pathloss offset for PDCCH-order PRACH. 
Proposal 5: For indicating a PL offset for PDCCH-order PRACH transmission, support any of Alt2, Alt3, and Alt4 (if it’s agreed to indicate TCI state in the PDCCH order):
· 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.

Proposal 6: Discuss whether UL transmissions of RACH procedures, such as PRACH Msg3 (for the 4-step RACH procedure) and MsgA (for the 2-step RACH procedure), are within the scope of the working item
Proposal 7. The SRS initial power level is indicated to UE via MAC CE or RRC signaling.
Proposal 8: Consider including the 2TA enhancements for single-DCI mode in the WID scope without extending the TU allocation in order to enable transmissions towards UL-only nodes/TRPs.
Please consider them in the discussions and adopt them.  
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Appendix: Performance evaluation

As depicted in Figures 1 and 2 and in the introduction, when the UL-only TRPs are deployed, it may improve the average and cell-edge spectral efficiencies significantly. It may be helpful to establish the performance gains using some performance evaluations. On the infrastructure side, the serving gNB is expected to have backhaul connections with the UL-only TRPs. Thus, the serving gNB can have timely channel state information and pathloss values of the UE to UL-only TRPs and UE to serving gNB links. The pathloss difference or the gap needs to be sent to UE for accurate TPC towards the UL-only TRPs. Obtaining the typical range of the pathloss gap value in different deployment scenarios would help to decide on the range of the pathloss gap indication by the gNB. Moreover, the pathloss gap indication may need to carry the quantized values of the pathloss gap to reduce the control overhead. Thus, evaluating the performance with different pathloss gap quantization levels would be helpful to decide on the performance versus quantization level trade-off.   
[image: ]
Figure 3 UL-only TRP deployment scenario
The UL-only TRP deployment is shown in Figure 3. The UL system simulations assumptions are listed in Table 4. The node attachment to the UL-only TRP is based on RSRP_UL-only TRP + 3 dB > RSRP_gNB. The Table 4 depicts the performance comparison of gene-aided TPC towards UL-only TRPs and UL-Only TRPs with UE-to-gNB pathloss along with the pathloss gap or difference (sent from gNB) is used for UL-Only TRP power control. The pathloss gap is quantized into 4 levels, 8 levels and 16 levels as shown in Table 5. 
	
	UMi
	UMa
	RMa

	
	Genie aided TPC towards UL-Only TRP
	Serving gNB pathloss along with Pathloss gap
	Genie aided TPC towards UL-Only TRP
	Serving gNB pathloss along with Pathloss gap
	Genie aided TPC towards UL-Only TRP
	Serving gNB pathloss along with Pathloss gap

	
	
	2bits
	3bits
	4bits
	
	2bits
	3bits
	4bits
	
	2bits
	3bits
	4bits

	Average Spectral efficiency [b/s/Hz]
	8.08
	8.08
	8.00
	8.16
	8.64
	8.21
	8.64
	8.72
	8.24
	8.72
	8.35
	8.50

	Cell edge Spectral efficiency [b/s/Hz]
	0.053
	0.028
	0.044
	0.047
	0.036
	0.029
	0.033
	0.033
	0.027
	0.026
	0.028
	0.026


Table 1.  The spectral efficiency performance comparison of genie aided UL-Only TRP PC and different granularity of the pathloss gap (difference) from gNB
 
Observation 1: Quantized pathloss offset (gap) values (2/3/4 bits) didn’t cause any significant performance loss.
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Figure 4. Pathloss values and pathloss difference (gap) for Umi scenario
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Figure 5. Pathloss difference (gap) for Umi, Uma and RMa scenarios
Observation 2: The pathloss offset (gap) distributions for Umi, Uma and RMa deployments show similar range.

For studying the benefits of introducing the UL-Only TRPs in a cell coverage area and deciding on the operational parameters, UL system simulations may be useful. In Table 2, our simulation assumptions are listed.  
	Parameter
	gNB
	UL-only TRP

	Carrier frequency
	4 GHz

	Bandwidth
	100 MHz

	SCS
	30 kHz

	Network layout
	 3 cell 
	 3 UL-only TRPs placed in a sector

	Channel model
	Umi, Uma, RMa  3GPP TR 38.901

	BS antenna structure and TXRU
	128Rx = (M,N,P,Mg,Ng) = (8,8,2,1,1), (dH,dV) = (0.5, 0.5)λ.
TXRU: 16TXRU=(Mp,Np,P,Mg,Ng) =(1,8,2,1,1)
	64Rx = (M,N,P,Mg,Ng) = (8,4,2,1,1), (dH,dV) = (0.5, 0.5)λ.
TXRU: 8TXRU=(Mp,Np,P,Mg,Ng) =(1,4,2,1,1)

	UE antenna structure and TXRU
	4Tx = (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, 0.5)λ
TXRU: 4TXRU=(Mp,Np,P,Mg,Ng)=(1,2,2,1,1) 

	CSI-T
	CB-based UL TX

	Channel estimation
	Real

	Scheduling
	PF

	MIMO receiver (CSI/data)
	MMSE

	Traffic model
	Full buffer

	ISD
	200m, 500m, 1.732km

	Number of average UEs per macro sector
	30

	UE power
	23dBm

	UE mobility
	Fixed 30 km/h, [mix:80% indoor (3 km/h), 20% outdoor (30 km/h)]

	UL power control
	Open Loop TPC
	Closed loop TPC

	Modulation
	Upto 64QAM

	UL RX node decision
	Legacy
	RSRP or Distance based with 3 dB offset

	CSI feedback delay
	5 ms

	Antenna height
	10m
	10m

	receiver noise figure
	5 dB
	5dB

	UE receiver noise figure
	9 dB


TABLE 2. UL System Simulations parameter assumptions
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