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1 Introduction
In RAN#102 meeting, the Rel-19 WID of NR MIMO Phase 5 was approved [1]. The following objective is related to this AI.
	1. [bookmark: _Hlk145555364][bookmark: _Hlk146642115]Specify enhancement to facilitate UE-initiated/event-driven beam management for reducing overhead and/or latency, assuming the unified TCI while leveraging (as much as possible) legacy CSI measurement and reporting configuration frameworks, targeting FR2 and sTRP with intra- and inter-cell beam management
a. UL signaling content(s) (and procedure(s) as required) for UE-initiated/event-driven beam reporting facilitating fast beam switching 
b. UL signaling medium/container considering the UE-initiated/event-driven nature of the UL transmission, designed primarily for the purpose of beam reporting

2. [bookmark: _Hlk146697700]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
a. Type-I codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks
b. Type-II codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)
c. Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming supporting up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, without new codebook design

3. Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
a. Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH
 
4. Specify non-coherent UL codebook to facilitate 3-antenna-port codebook-based transmissions, without enhancement on UL full power transmission and without enhancement on SRS resource
Note: UL full power transmission mode 1 and 2 are not supported.

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, our opinions on asymmetric DL sTRP/UL mTRP scenarios are presented.
2 Discussion
2.1 Deployment scenarios
Within the NR system, the UL performance has always been significantly constrained due to the limitations of UE transmission power and the number of antennas. Particularly for UEs at the edge of the cell, power control often employs partial PL compensation, which further diminishes the UL performance of these UEs. Moreover, the currently commercially used networks generally employ TDD patterns with a large number of DL resources, which further restricts UL performance.
To enhance UL performance, a rudimentary idea would be to increase the deployment density of base stations. However, given that the DL performance is sufficient, it may be considered to only increase the base stations only with UL nodes. Such base stations only need to receive signals, without the need to transmit signals, thus conserving energy consumption. Furthermore, these base stations only require a receiving system, without the need for a transmitting system, thereby saving on hardware costs.
In WID, the deployment scenario with less DL nodes and more UL nodes is called as an asymmetric DL sTRP/UL mTRP deployment scenario. These TRPs are non-co-located and ideal-backhaul. Meanwhile, these TRPs utilize the same bandwidth part. Figure 1 illustrates two deployment modes. In Figure 1 (a), UL reception and DL transmission are completely separated; the DL-only TRP only transmits DL signals, while the UL-only TRP only receives signals. In Figure 1 (b), UL reception and DL transmission are partially separated; the DL and UL TRP can transmit signals and receive signals, while the UL-only TRP only receives signals.
[image: ]
[bookmark: _Ref157949601]Figure 1. Two modes of asymmetric DL sTRP/UL mTRP deployment scenario.
Observation 1: [bookmark: OLE_LINK15]The asymmetric DL sTRP/UL mTRP deployment scenario have two modes, complete separation and partial separation.
From a technical point of view, the partially separate deployment mode is more complex than the complete separate deployment mode, and many technologies in the partially separate one can be reused in the complete separate one. Therefore, it is proposed to prioritize the investigation of the partially separate one.
Proposal 1: Prioritize the investigation of the partially separate deployment mode.
2.2 TCI framework
The following agreement on unified TCI framework for the asymmetric DL sTRP/UL mTRP deployment scenarios was made in RAN1#116 meeting:
	Agreement
[bookmark: OLE_LINK9]For the asymmetric DL sTRP/UL mTRP deployment scenarios, separate DL/UL TCI state mode of Rel-17/18 unified TCI framework can be configured for both FR1 and FR2.
· Joint TCI state mode can be configured at least for FR1


[bookmark: OLE_LINK5][bookmark: OLE_LINK3][bookmark: OLE_LINK12][bookmark: OLE_LINK6][bookmark: OLE_LINK13]In current specifications, in unified TCI framework, TCI state modes are joint TCI state mode and separate TCI state mode. If UL and DL channels are reciprocal, the former is applicable. If UL and DL channels are not reciprocal, the latter is applicable. When unifiedTCI-StateType-r17 is configured as joint, the UE employs a joint TCI state mode. When unifiedTCI-StateType-r17 is configured as separate, the UE employs a separate TCI state mode. The network cannot configure two different TCI state modes for the UE simultaneously. If a joint TCI state mode is employed, the network configures a joint/DL TCI state list for the UE, activating and indicating one or more joint/DL TCI states. The indicated joint/DL TCI state is used for both UL and DL transmission. If a separate TCI state mode is employed, the network not only configures a joint/DL TCI state list for the UE, but also configures an UL TCI state list. The network activates and indicates one or more joint/DL TCI states from the joint/DL TCI state list, as well as one or more UL TCI states from the UL TCI state list. The indicated UL TCI state(s) is used for UL transmission, while the indicated joint/DL TCI state(s) is used for DL transmission.
[bookmark: OLE_LINK4]For FR2 with asymmetric DL sTRP/UL mTRP deployment scenario, if a joint TCI state mode is configured, the network configures a joint/DL TCI state list for the UE but does not configure an UL TCI state list. However, as the UL-only TRP cannot transmit DL signals and can only receive UL signals, the UE must use an UL TCI state when communicating with the UL-only TRP. Therefore, the joint TCI state mode is not suitable for this deployment scenario. If a separate TCI state mode is configured, the network configures DL TCI state and UL TCI state lists for the UE. However, the separate TCI state mode means that UL and DL channels are not reciprocal, even for the DL and UL TRP. Even if UL and DL channels are reciprocal between UE and DL and UL TRP, UE should also perform UL beam management. This results in unnecessary resource and energy consumption. 
[bookmark: OLE_LINK14]In order to make better use of the UL and DL reciprocity of DL and UL TRP, introduce a new unified TCI state mode (e.g. named as partialJoint) which is used to indicate partial joint TCI state mode. When unifiedTCI-StateType-r17 is configured as partialJoint, the UE employs a partial joint TCI state mode, wherein the DL TCI state and UL TCI state corresponding to DL and UL TRP are identical, and the UL TCI state corresponding to UL-only TRP is different from the TCI states corresponding to DL and UL TRP. If a partial joint TCI state mode is employed, the network configures a joint/DL TCI state list and an UL TCI state list for the UE. The network activates and indicates one or more joint/DL TCI states from the joint/DL TCI state list, as well as one or more UL TCI states from the UL TCI state list. The indicated UL TCI state(s) is used for UL transmission, while the indicated joint/DL TCI state(s) is used for DL and UL transmission. In fact, the configured joint/DL TCI state list, the activated joint/DL TCI states and the indicated joint/DL TCI state are corresponding to the DL and UL TRP. The configured UL TCI state list, the activated UL TCI states and the indicated UL TCI state are corresponding to the UL-only TRP. Therefore, UL beam management is not need to be perform between UE and DL and UL TRP. This can save resource and energy consumption.
Proposal 2: Introduce a new unified TCI state mode (e.g. named as partialJoint) which is used to indicate partial joint TCI state mode.
2.3 Power control
2.3.1 Path loss acquisition
The following agreement on the acquisition of PL for the asymmetric DL sTRP/UL mTRP deployment scenarios was made in RAN1#116b meeting:
	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.


Firstly, all of the Alts can be divided to two types. The first type is the PL offset is only configured by RRC. The second type is the PL offset is configured by RRC and updated by the MAC CE. In the last meeting, some companies consider that PL offset configured by RRC only is enough because the TPC command in closed-loop power control can be used to compromise the change of PL offset. However, if the PL offset changes very quickly, or if the uplink transmissions are very sparse in the time domain, the TPC command cannot compromise it timely. Therefore, it is necessary that the PL offset is updated by the MAC CE.
Secondly, whether introducing a list of PL offset configurations is necessary or not. If a PL offset value is configured in a joint or UL TCI state directly, and if each PL offset value in each joint or UL TCI state is different, the number of PL offset values is the same as the number of joint or UL TCI states. That means that network should maintain so much PL offset values. It is hard and not necessary for network because PL information is long term filtered and closed-loop power control can compensate. If a list of PL offset configurations is introduced, network can set the limitation of the number of PL offset values in the list. Then, an ID of a PL offset value is introduced in a joint or UL TCI state to indicate the PL offset value. On the other hand, it is better to send LS to ask for RAN2 opinion.
Thirdly, whether the initial PL offset value with 0 dB is necessary or not. After UE finishes initial access, network may have some knowledge about the position of UE. Network maybe can estimate the PL offset value according to the position information. Although the estimation value is not exact, it is better than 0 dB and also it can be corrected by the MAC CE. 
Proposal 3: Prefer Alt 2b: 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.
Proposal 4: It is better to send LS to ask for RAN2 opinion about the configuration of the PL offset and the TCI state.
In current specifications, when UE performs initial access, the UE will identify a SSB with superior signal quality. If the UE adopts 4-step random access, in subsequent transmission of msg1 and msg3 and receptions of msg2 and msg4, the UE employs the transmission and reception beams corresponding to the identified SSB beam. If the UE adopts 2-step random access, in subsequent transmission of msgA and receptions of msgB, the UE also employs the transmission and reception beams corresponding to the identified SSB beam.
For asymmetric DL sTRP/UL mTRP deployment scenario, if the UE is close to the DL and UL TRP, the UE employs the access method in the current specifications to connect to the network via the DL and UL TRP. However, if the UE is close to the UL-only TRP, utilizing the access method in the current specifications to connect to the network via the DL and UL TRP could result in significant interference and large latency. In such instances, it is preferable for the UE to receive DL signals of initial access from the DL and UL TRP and transmit UL signals of initial access to the UL-only TRP. This procedure can reduce interference and latency.
A straightforward method is to include the PL information in system information (e.g. SIB1). When UE performs initial access, UE use this PL information to transmit msg1 and msgA. For msg3, the UE can also use the PL in system information. Besides, because msg3 is scheduled by msg2, the PL information for msg3 can be carried by msg2.
Proposal 5: SIB1 can carry PL information for msg1, msgA and msg3.
Proposal 6: Msg2 can carry PL information for msg3.
2.3.1 Closed loop power control
The following agreement on the configuration of independent closed-loop power control for SRS for the asymmetric DL sTRP/UL mTRP deployment scenarios was made in RAN1#116b meeting:
	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.


Although the higher parameter closedLoopIndex-r17 is introduced in a joint/DL or an UL TCI state in a SRS resource to indicate the closed-loop power control states, this parameter is only used for the closed-loop power control tied with PUSCH. For the separate closed-loop power control of SRS, the higher parameter srs-PowerControlAdjustmentStates set to separateClosedLoop is used but the higher parameter closedLoopIndex-r17 is not used. The following agreement reached in RAN1#111 describes this rule.
	Agreement
· If srs-PowerControlAdjustmentStates is set to 'separateClosedLoop' in a SRS resource set, the SRS is associated with a separate close loop;
· Otherwise, closedLoopIndex-r17 for SRS in a joint/UL-TCI state is to indicate a SRS close loop tied with PUSCH
· Note: In such case, candidate values of 'i0' and 'i1' in closedLoopIndex -r17 for SRS refers to first and second close loop tied with PUSCH
FFS: Whether specification change is required


Introducing a new configuration (e.g. separateClosedLoop2) in the higher parameter srs-PowerControlAdjustmentStates in an SRS resource set is the simplest way to configure the second separate closed-loop power control state. This way is also more aligned with the above rule.
On the other hand, an SRS with separate closed-loop power control is always used for beam management or DL CSI acquirement. These two types of measurements prefer the SRS resources in the same SRS resource set which have the same transmission power. In other words, the separate closed-loop power control is better to associate with the SRS resource set, rather than associate with a joint/DL or an UL TCI state.
Therefore, we raised concerns on Alt 2. We propose to introduce a new configuration (e.g. separateClosedLoop2) in the higher parameter srs-PowerControlAdjustmentStates in SRS resource set to configure the second independent closed-loop power control adjustment state of SRS.
Proposal 7: Do not support 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.
Proposal 8: Introduce a new configuration (e.g. separateClosedLoop2) in the higher parameter srs-PowerControlAdjustmentStates in SRS resource set to configure the second independent closed-loop power control adjustment state of SRS.
3 Conclusion
In these contributions, our opinions on unified TCI framework extension for multi-TRP operation are listed as follows.
Observation 1: The asymmetric DL sTRP/UL mTRP deployment scenario have two modes, complete separation and partial separation.
Proposal 1: Prioritize the investigation of the partially separate deployment mode.
Proposal 2: Introduce a new unified TCI state mode (e.g. named as partialJoint) which is used to indicate partial joint TCI state mode.
Proposal 3: Prefer Alt 2b: 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.
Proposal 4: It is better to send LS to ask for RAN2 opinion about the configuration of the PL offset and the TCI state.
Proposal 5: SIB1 can carry PL information for msg1, msgA and msg3.
Proposal 6: Msg2 can carry PL information for msg3.
Proposal 7: Do not support 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.
Proposal 8: Introduce a new configuration (e.g. separateClosedLoop2) in the higher parameter srs-PowerControlAdjustmentStates in SRS resource set to configure the second independent closed-loop power control adjustment state of SRS.
4 Reference
[1] RP-234007, New WID: NR MIMO Phase 5, Samsung.

image1.png
DL and UL node

()
A
UL-only node '\X@

DL-only node

AR

UL-only node \1 T
n

@




