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Introduction
[bookmark: _Ref494215420]During RAN1#115, RAN1 discussed the remaining issues on R18 MIMO enhancements. The achieved agreements can be found in [1]. In this contribution, we further provide our views on some remaining issues.

Discussion
Multi-TRP enhancement
In RAN1#114-bis [2], an agreements of PHR report for S-DCI based MTRP operation was obtained:
	Agreement
On unified TCI framework extension for S-DCI based MTRP, if twoPHRMode is configured, and two SRS resource sets for CB/NCB and multipanelScheme for SDM/SFN are configured:
· If the UE determines that only one Type 1 PHR is based on an actual PUSCH transmission
· If the actual PUSCH transmission applies only the first indicated joint/UL TCI state, the UE provides the second {power headroom, configured max output power} associated with the second indicated joint/UL TCI state for a reference PUSCH transmission 
· If the actual PUSCH transmission applies only the second indicated joint/UL TCI state, the UE provides the first {power headroom, configured max output power} associated with the first indicated joint/UL TCI state for a reference PUSCH transmission
· If the UE determines that both Type 1 PHRs are based on reference PUSCH transmissions, the UE provides the first {power headroom, configured max output power} associated with the first indicated joint/UL TCI state for a reference PUSCH transmission, and the second {power headroom, configured max output power} associated with the second indicated joint/UL TCI state for another reference PUSCH transmission
· FFS: Whether the configured max output power reported in above cases is per UE or per panel or both


According to the RAN4 LS [3] on the power control for STxMP, the panel-specific power limitation can be considered. In STxMP transmission, the configured max output power in PHR for each panel should be reported, so that the power of each panel could be adjusted flexibly and achieve an optimal power allocation. Besides, we think the meaning of “configured maximum output power associated with the first (or second) TCI-State or TCI-UL-State” in current specification is consistent with “panel-specific maximum power” and do not require any additional modifications.
Proposal 1: Adopt the following TP for TS 38.213 on section 7.7.1.
	Reason for change
	According to current agreements, the UE should provide two panel-specific PHRs associated with the corresponding indicated joint/UL TCI states for an actual and/or reference PUSCH transmission. But the description in legacy spec is incomplete.

	Summary of change
	Capture the agreement of PH report for reference PUSCH transmission. And support the configured max output power for each panel is reported in PHR for STxMP.

	Consequences if not approved
	UE behavior of PHR for a reference PUSCH transmission is unclear

	Text proposal
	[bookmark: _Toc12021458][bookmark: _Toc20311570][bookmark: _Toc26719395][bookmark: _Toc29894826][bookmark: _Toc29899125][bookmark: _Toc29899543][bookmark: _Toc29917280][bookmark: _Toc36498154][bookmark: _Toc45699180][bookmark: _Toc156237187]7.7.1	Type 1 PH report
< Unchanged parts are omitted >
If a UE is provided, for active UL BWP  of carrier  of serving cell ,
-	twoPHRMode, 
-	two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook',
-	dl-OrJointTCI-StateList or TCI-UL-State and is indicated a first TCI-State or TCI-UL-State and a second TCI-State or TCI-UL-State, and
-	multipanelScheme
the UE provides 
· a first Type 1 / a second Type 1  power headroom report and a configured maximum output power associated with the first / the second TCI-State or TCI-UL-State for an actual / a reference  PUSCH transmission using a spatial domain filter corresponding only to the first TCI-State or TCI-UL-State,
· a first Type 1 / a second Type 1  power headroom report and a configured maximum output power associated with the first / the second TCI-State or TCI-UL-State for a reference / an actual PUSCH transmission using a spatial domain filter corresponding only to the second TCI-State or TCI-UL-State,
· a first Type 1 power headroom report and a first configured maximum output power associated with the first TCI-State or TCI-UL-State, and a second Type 1 power headroom report and a second configured maximum output power associated with the second TCI-State or TCI-UL-State, for an actual or a reference  PUSCH transmission using a spatial domain filter corresponding to the first TCI-State or TCI-UL-State and using a spatial domain filter corresponding to the second TCI-State or TCI-UL-State.



CSI enhancement
During the last meeting, for the Type-II codebook refinement for high/medium velocities, RAN1 discussed the CPU occupation for SP-CSI on PUSCH. The following agreement was achieved.
	Agreement
For the Type-II codebook refinement for high/medium velocities, for SP-CSI on PUSCH, CPU occupation duration is determined by the first symbol of KP-th latest consecutive P/SP-CSI-RS occasions no later than CSI reference resource.
· FFS (RAN1#116): CPU occupation duration in relation to interference measurement resource


Based on the agreement, there’s a FFS on CPU occupation duration in relation to interference measurement resource. From UE implementation point of view, it is reasonable to consider CPU as being occupied during interference measurement. Especially when IMR starts earlier than CMR or ends later than CMR, the time duration for CPU occupation should be enlarged. Therefore, we have the following proposal.
Proposal 2: Adopt the following TP for TS 38.214 on section 5.2.1.6.
	Reason for change
	For the Type-II codebook refinement for high/medium velocities, in order to correctly reflect the time duration for CSI calculation, it is reasonable to consider CPU as being occupied during interference measurement.

	Summary of change
	Modify the start of CPU occupation for SP CSI on PUSCH with codebookType set to 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18' by taking into account interference measurement resource. 

	Consequences if not approved
	The CPU occupation time for SP CSI on PUSCH with codebookType set to 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18' is not correctly defined.

	Text proposal
	5.2.1.6	CSI processing criteria
< Unchanged parts are omitted >
A semi-persistent CSI report on PUSCH configured with the higher layer parameter codebookType set to 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18' occupies CPU(s) from the first symbol of the earliest transmission occasion among KP-th latest consecutive periodic/semi-persistent CSI-RS occasions for channel measurement and the latest CSI-RS/CSI-IM occasion for interference measurement no later than CSI reference resource, until the last symbol of the PUSCH carrying the report, where the value of  is indicated by UE capability.



Enhanced uplink transmission
In RAN1#115 meeting, the antenna port group is defined for the 8TX UE in TS38.211 to clearly describe the relationship between codebook1, codebook2, codebook3, codebook4 and antenna port groups as following agreement:
	Agreement
Adopt the following text proposals to TS 38.211 and TS 38.214.
· Reason for change: The current specifications in TS 38.211 and TS 38.214 do not clearly describe the relationship between codebook1, codebook2, codebook3, codebook4 and antenna port groups.
· Summary of change: Addition of four columns to the existing Table 6.3.1.5-8
· Consequences if not approved: Unclear association of antenna ports to antenna port groups.
-------------------------------------------Unchanged parts are omitted-------------------------------------------
Table 6.3.1.5-8: The port mapping function  for transmission using 8 antenna ports.
	
	Higher-layer parameter CodebookType

	
	codebook1 
	codebook2

	codebook3

	codebook4


	0
	


Antenna port group 0
	0
	Antenna port group 0
	0
	Antenna port group 0
	0
	Antenna port group 0
	0

	1
	
	1
	
	1
	
	4
	Antenna port group 1
	1

	2
	
	2
	
	4
	Antenna port group 1
	1
	Antenna port group 2
	2

	3
	
	3
	
	5
	
	5
	Antenna port group 3
	3

	4
	
	4
	Antenna port group 1
	2
	Antenna port group 2
	2
	Antenna port group 4
	4

	5
	
	5
	
	3
	
	6
	Antenna port group 5
	5

	6
	
	6
	
	6
	Antenna port group 3
	3
	Antenna port group 6
	6

	7
	
	7
	
	7
	
	7
	Antenna port group 7
	7


-------------------------------------------Unchanged parts are omitted-------------------------------------------


However, there are several sentences in TS38.214 that use inconsistent terminology, such as antenna group, antenna port-group. For consistency in terminology, we suggest replacing these words with antenna port group. Therefore, we have the following proposal.
Proposal 3: Adopt the following TP for TS 38.214.
	Reason for change
	In legacy spec, there are several different words for antenna port group for an 8TX UE, i.e. “antenna group”, “antenna port group”, “antenna port-group”. The consistent terminology should be used.

	Summary of change
	Section 6.1.1.1: change “antenna port-groups” to “antenna port groups”.
Section 6.2.3.1: change “antenna group” to “antenna port group”.

	Consequences if not approved
	Inconsistent specifications.

	Text proposal
	[bookmark: _Toc11352140][bookmark: _Toc20318030][bookmark: _Toc27299928][bookmark: _Toc29673201][bookmark: _Toc29673342][bookmark: _Toc29674335][bookmark: _Toc36645565][bookmark: _Toc45810610][bookmark: _Toc155777399]6.1.1.1	Codebook based UL transmission
< Unchanged parts are omitted >
A UE does not expect to be configured by CodebookType with a value of CodebookType that does not correspond to one of the values of UL_8TX_Ng reported in its capability. A UE can be configured by ULcodebookFC-N1N2 subject to UE capability, when higher layer parameter CodebookType is set to 'Codebook1' corresponding to Ng=1, where Ng represents the number of antenna port -groups. 
< Unchanged parts are omitted >

[bookmark: _Toc11352163][bookmark: _Toc20318053][bookmark: _Toc27299951][bookmark: _Toc29673226][bookmark: _Toc29673367][bookmark: _Toc29674360][bookmark: _Toc36645590][bookmark: _Toc45810639][bookmark: _Toc155777437]6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled
< Unchanged parts are omitted >

When the UE is scheduled with Qp={1,2} PT-RS port(s) in uplink and the number of scheduled layers is ,





[bookmark: _GoBack]-	If the UE is configured with higher layer parameter ptrs-Power, the PUSCH to PT-RS power ratio per layer per RE  is given by , where  is shown in the Table 6.2.3.1-3, Table 6.2.3.1-3A and Table 6.2.3.1-3B according to the higher layer parameter ptrs-Power, the PT-RS scaling factor  specified in clause 6.4.1.2.2.1 of [4, TS 38.211] is given by and also on the 'Precoding Information and Number of Layers' field in DCI.
-	The UE shall assume ptrs-Power in PTRS-UplinkConfig is set to state "00" in Table 6.2.3.1-3, Table 6.2.3.1-3A, and Table 6.2.3.1-3B  if not configured or in case of non-codebook based PUSCH.
-	For partial coherent codebook-based 8TX PUSCH transmission, Lx is the number of PUSCH layers in the antenna port group which are precoded coherently with the PUSCH layer/DM-RS port that PT-RS port x is associated with, and Qp is the number of PT-RS ports scheduled to the UE.

-	When the higher layer parameter multipanelScheme is set to ‘sdmscheme’ and two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook'/’nonCodebook’, and codepoint "10" of SRS Resource Set indicator is indicated, for each PT-RS port is based on Table 6.2.3.1-3B, where Qp is the total number of PT-RS ports for the PUSCH.
< Unchanged parts are omitted >



[bookmark: _Hlk143633573]RAN4 has concluded that the configured transmitted power during STxMP shall be defined per indicated joint/UL TCI state for STxMP, i.e., per panel configured Tx power corresponds to the first and second indicated joint/UL TCI states, respectively. In RAN1#114 meeting, the UE can provide two Type 1 PHRs associated with the first and the second indicated joint/UL TCI states, respectively. It can be seen that the legacy agreements already support UL power control per indicated TCI state for more accurate power adjustment for each panel. 
In Rel-17, MPE report is enhanced to report N SSBRIs/CRIs with P-MPRs from one candidate RS resource pool when the triggering condition is met. In Rel-18 for STxMP, MPE report mechanism can be enhanced to effectively support STxMP. The UE can be configured with two candidate RS resource pools associated with two SRS resource sets for MPE report, and for each pool, the UE can report N SSBRIs/CRIs with P-MPR values through PHR MAC CE.
Furthermore, in Rel-18 to support STxMP transmission, the Rel-17 group-based L1-RSRP reporting is enhanced, i.e. for each reported pair of SSBRIs/CRIs, the UL TX spatial filters determined from the reported pair of SSBRIs/CRIs can be applied simultaneously. When the current used uplink beam pair cannot be used for STxMP transmission due to UE movement or rotation, and the Rel-17 MPE report can be enhanced to report N SSBRI/CRI pairs with P-MPR values, e.g. {(CRI1, P-MPR1, CRI2, P-MPR2) (CRI3, P-MPR3, CRI4, P-MPR4)}, which are used for the uplink beam pair update. Each SSBRI/CRI in the reported SSBRI/CRI pairs is selected from the corresponding resource pool associated with SRS resource set. So the gNB can update the uplink beam pair for STxMP based on the SSBRI/CRI pairs in MPE report.  
Proposal 4:
· To facilitate MPE mitigation for STxMP transmission, support the enhancement on Rel-17 MPE reporting.
· The UE can be configured with two candidate RS resource pools for MPE reporting, each of which is associated with the first or second SRS resource sets for CB or NCB.
· The UE can report N pairs of {SSBRI/CRI, P-MPR} through PHR MAC CE, where in each reported pair, the first {SSBRI/CRI, P-MPR} is associated with the first pool and the second {SSBRI/CRI, P-MPR} is associated with the second pool.

Conclusion
In this contribution, we provide our view on the remaining issues on multi-TRP enhancement, CSI enhancement and the enhanced uplink transmission. The following proposals are made:
Proposal 1: Adopt the following TP for TS 38.213 on section 7.7.1.
	Reason for change
	According to current agreements, the UE should provide two panel-specific PHRs associated with the corresponding indicated joint/UL TCI states for an actual and/or reference PUSCH transmission. But the description in legacy spec is incomplete.

	Summary of change
	Capture the agreement of PH report for reference PUSCH transmission. And support the configured max output power for each panel is reported in PHR for STxMP.

	Consequences if not approved
	UE behavior of PHR for a reference PUSCH transmission is unclear

	Text proposal
	7.7.1	Type 1 PH report
< Unchanged parts are omitted >
If a UE is provided, for active UL BWP  of carrier  of serving cell ,
-	twoPHRMode, 
-	two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook',
-	dl-OrJointTCI-StateList or TCI-UL-State and is indicated a first TCI-State or TCI-UL-State and a second TCI-State or TCI-UL-State, and
-	multipanelScheme
the UE provides 
· a first Type 1 power headroom report and a configured maximum output power associated with the first TCI-State or TCI-UL-State for an actual PUSCH transmission using a spatial domain filter corresponding only to the first TCI-State or TCI-UL-State, and a second Type 1 power headroom report and a second configured maximum output power associated with the second TCI-State or TCI-UL-State for a reference PUSCH transmission using a spatial domain filter corresponding only to the second TCI-State or TCI-UL-State,
· a first Type 1 power headroom report and a first configured maximum output power associated with the first TCI-State or TCI-UL-State for a reference PUSCH transmission using a spatial domain filter corresponding only to the first TCI-State or TCI-UL-State, and a second Type 1 power headroom report and a second configured maximum output power associated with the second TCI-State or TCI-UL-State for an actual PUSCH transmission using a spatial domain filter corresponding only to the second TCI-State or TCI-UL-State,
· a first Type 1 power headroom report and a first configured maximum output power associated with the first TCI-State or TCI-UL-State, and a second Type 1 power headroom report and a second configured maximum output power associated with the second TCI-State or TCI-UL-State, for an actual PUSCH transmission using a spatial domain filter corresponding to the first TCI-State or TCI-UL-State and using a spatial domain filter corresponding to the second TCI-State or TCI-UL-State.
· a first Type 1 power headroom report and a first configured maximum output power associated with the first TCI-State or TCI-UL-State, and a second Type 1 power headroom report and a second configured maximum output power associated with the second TCI-State or TCI-UL-State, for a reference PUSCH transmission using a spatial domain filter corresponding to the first TCI-State or TCI-UL-State and using a spatial domain filter corresponding to the second TCI-State or TCI-UL-State.



Proposal 2: Adopt the following TP for TS 38.214 on section 5.2.1.6.
	Reason for change
	For the Type-II codebook refinement for high/medium velocities, in order to correctly reflect the time duration for CSI calculation, it is reasonable to consider CPU as being occupied during interference measurement.

	Summary of change
	Modify the start of CPU occupation for SP CSI on PUSCH with codebookType set to 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18' by taking into account interference measurement resource. 

	Consequences if not approved
	The CPU occupation time for SP CSI on PUSCH with codebookType set to 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18' is not correctly defined.

	Text proposal
	5.2.1.6	CSI processing criteria
< Unchanged parts are omitted >
A semi-persistent CSI report on PUSCH configured with the higher layer parameter codebookType set to 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18' occupies CPU(s) from the first symbol of the earliest transmission occasion among KP-th latest consecutive periodic/semi-persistent CSI-RS occasions for channel measurement and the latest CSI-RS/CSI-IM occasion for interference measurement no later than CSI reference resource, until the last symbol of the PUSCH carrying the report, where the value of  is indicated by UE capability.



Proposal 3: Adopt the following TP for TS 38.214.
	Reason for change
	In legacy spec, there are several different words for antenna port group for an 8TX UE, i.e. “antenna group”, “antenna port group”, “antenna port-group”. The consistent terminology should be used.

	Summary of change
	Section 6.1.1.1: change “antenna port-groups” to “antenna port groups”.
Section 6.2.3.1: change “antenna group” to “antenna port group”.

	Consequences if not approved
	Inconsistent specifications.

	Text proposal
	6.1.1.1	Codebook based UL transmission
< Unchanged parts are omitted >
A UE does not expect to be configured by CodebookType with a value of CodebookType that does not correspond to one of the values of UL_8TX_Ng reported in its capability. A UE can be configured by ULcodebookFC-N1N2 subject to UE capability, when higher layer parameter CodebookType is set to 'Codebook1' corresponding to Ng=1, where Ng represents the number of antenna port -groups. 
< Unchanged parts are omitted >

6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled
< Unchanged parts are omitted >

When the UE is scheduled with Qp={1,2} PT-RS port(s) in uplink and the number of scheduled layers is ,





-	If the UE is configured with higher layer parameter ptrs-Power, the PUSCH to PT-RS power ratio per layer per RE  is given by , where  is shown in the Table 6.2.3.1-3, Table 6.2.3.1-3A and Table 6.2.3.1-3B according to the higher layer parameter ptrs-Power, the PT-RS scaling factor  specified in clause 6.4.1.2.2.1 of [4, TS 38.211] is given by and also on the 'Precoding Information and Number of Layers' field in DCI.
-	The UE shall assume ptrs-Power in PTRS-UplinkConfig is set to state "00" in Table 6.2.3.1-3, Table 6.2.3.1-3A, and Table 6.2.3.1-3B  if not configured or in case of non-codebook based PUSCH.
-	For partial coherent codebook-based 8TX PUSCH transmission, Lx is the number of PUSCH layers in the antenna port group which are precoded coherently with the PUSCH layer/DM-RS port that PT-RS port x is associated with, and Qp is the number of PT-RS ports scheduled to the UE.

-	When the higher layer parameter multipanelScheme is set to ‘sdmscheme’ and two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook'/’nonCodebook’, and codepoint "10" of SRS Resource Set indicator is indicated, for each PT-RS port is based on Table 6.2.3.1-3B, where Qp is the total number of PT-RS ports for the PUSCH.
< Unchanged parts are omitted >



Proposal 4:
· To facilitate MPE mitigation for STxMP transmission, support the enhancement on Rel-17 MPE reporting.
· The UE can be configured with two candidate RS resource pools for MPE reporting, each of which is associated with the first or second SRS resource sets for CB or NCB.
· The UE can report N pairs of {SSBRI/CRI, P-MPR} through PHR MAC CE, where in each reported pair, the first {SSBRI/CRI, P-MPR} is associated with the first pool and the second {SSBRI/CRI, P-MPR} is associated with the second pool.
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