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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we discuss the remaining issues for NR MIMO in Rel-16.
Discussion
Remaining issues for UL full power transmission:
In Rel-15, when 2 PTRS ports are configured for a partial or non-coherent UE, the actual PTRS port is determined by the indicated TPMI and the number of layers of PUSCH as defined in TS 38.214. To be more specific, {port 1000, port 1002} in the TPMI shares PTRS port 0, and {port 1001, port 1003} share PTRS port 1. Since {port 1000, port 1002} and {port 1001, port 1003} will always be used for different layers (DMRS ports) for Rel-15 partial or non-coherent UE, the 2 PTRS ports are associated with different DMRS ports, and occupy different REs. 
However, in Rel-16, for partial or non-coherent UE, {port 1000, port 1002} and {port 1001, port 1003} can be used for rank-1 transmission in full power Mode-1, i.e., using the same DMRS port for the ‘new TPMI’  introduced for full power Mode-1. So, some confusion happens on the current spec when two PTRS ports are configured. Actually, in full power Mode-1 in Rel-16, the 2 PTRS ports are only associated with one DMRS port and occupy the same REs for the new introduced full coherent TPMIs. However, the current spec cannot support the mapping between two PTRS ports to one DMRS ports. To address this issue, the current spec need to be updated with one PTRS port for the new introduced TPMIs for full power Mode-1 when 2-port PTRS is configured. 
During last meeting, there was a discussion on whether the mapping from 2-port PTRS to 1-port DMRS can be supported in current spec. Let’s see the current spec, the mapping between PTRS ports and DMRS ports are one-to-one in FDM manner, e.g., the RE mapping of PTRS ports are shown in 6.4.1.2.2.1 in TS 38.211. So, in current spec, there is no such case that 2-port PTRS mapping to the one DMRS port. For the full coherent precoding , only 1 port PTRS can be used, shown in 38.214:
“If a UE has reported the capability of supporting full-coherent UL transmission, the UE shall expect the number of UL PT-RS ports to be configured as one if UL-PTRS is configured.”
[bookmark: _GoBack]So, it is ambiguity for supporting two-PTRS ports for the new introduced precoding , in current spec in Rel-16.
To address the issue, the following TP is proposed:
TP1: for Section 6.2.3.1 of 38.214 g30:
	6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled
< Unchanged parts are omitted >
For partial-coherent and non-coherent codebook-based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI and/or number of layers which are indicated by Precoding information and number of layers field in DCI format 0_1 and DCI format 0_2 or configured by higher layer parameter precodingAndNnumberOfLayers:
-	if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI as:
-	PUSCH antenna port 1000 and 1002 in indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI share PT-RS port 1 except for the cases that ul-FullPowerTransmission is configured to fullpowerMode1, and TPMI=2 in Table 6.3.1.5-1, or one of the TPMI 12-15 in Table 6.3.1.5-2 and Table 6.3.1.5-3 in [4, TS 38.211] is indicated.
[bookmark: _Hlk500758550]-	UL PT-RS port 0 is associated with the UL layer 'x' of layers which are transmitted with PUSCH antenna port 1000 and PUSCH antenna port 1002 in indicated TPMI, and UL PT-RS port 1 is associated with the UL layer 'y' of layers which are transmitted with PUSCH antenna port 1001 and PUSCH antenna port 1003 in indicated TPMI, where 'x' and/or 'y' are given by DCI parameter PTRS-DMRS association as shown in DCI format 0_1 and DCI format 0_2 described in Clause 7.3.1 of [5, TS38.212].
-	For the cases that ul-FullPowerTransmission is configured to fullpowerMode1, and TPMI=2 in Table 6.3.1.5-1, or one of the TPMI 12-15 in Table 6.3.1.5-2 and Table 6.3.1.5-3 in [4, TS 38.211] is indicated, PUSCH antenna port 1000, 1001, 1002 and 1003 in the indicated TPMI share PT-RS port 0.
< Unchanged parts are omitted >




Remaining issues for Multiple-TRP:
It was agreed that “Out-of-order operation for DL” and “Out-of-order operation for UL” are reported by the UE in 16-2a-2 and 16-2a-3 respectively (per band). As the elaboration shown in the note in 16-2a-3, the UE does not expects to receive same close loop index for power control in two PUSCHs associated with different CORESETPoolIndex. 
Note: “Same closed loop index for power control across PUSCHs associated with different CORESETPoolIndex values is not supported by a UE indicating the support of this feature”.
However, the note seems to mandate the gNB to implement two different close loops based on UE capability reporting, no matter whether gNB needs 16-2a-3 functionality. It may not be necessary for the network to ALWAYS maintain two closed loop indexes, two values of SRS resource indicator in DCI, and multiple SRS resources (as each closed loop index is mapped to one SRI field value by sri-PUSCH-ClosedLoopIndex). In Rel-16 there is no mandated coupling between DL transmitting TRPs and UL receiving TRPs for Multi-DCI based Multi-TRP transmission. For example, there may be only one TRP for UL reception. It shall be up to the network implementation according to deployment scenarios. 

It was also agreed to discuss further in RAN1: 
Conclusion: 
· No new ASN.1 impact for FG 16-2a-3
· Continue discussion in maintenance session on how/whether to revise the note and/or address in specifications 
From our perspective, it may be more reasonable to capture the note (i.e. scheduling restriction for out-of-order operation for UL) into 38.214 so that gNB/UE vendors can mutually understand what can/cannot do, if a UE reports and supports 16-2a-3.  So we prefer the following TP for 38.214.

Consequence without changes:
There may have potential misalignment between gNB and UE over the interpretation of UE capability’s note. 

TP2:  for 38.214 g30:
	< Start of the text proposal >
6.1	UE procedure for transmitting the physical uplink shared channel
< Unchanged part omitted>
[bookmark: _Hlk26290630]If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet for the active BWP of a serving cell and PDCCHs that schedule two non-overlapping in time domain PUSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex, for any two HARQ process IDs  in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH associated with a value of CORESETpoolIndex ending in symbol i, the UE can be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH associated with a different value of CORESETpoolIndex  that ends later than symbol i and the UE is expected to be configured with the closed loop index for that PUSCH different from that for the first PUSCH.
< End of the text proposal >



Remaining issues for Beam management:
· For default path-loss RS
In current spec, with default PL RS enabled, UE determines PL RS based on the RS resource with 'QCL-TypeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP. In addition, for SRS, if CORESETs are not provided in the active DL BWP, UE determines PL RS based on the RS resource with 'QCL-TypeD' in lowest active TCI state for PDSCH. However, as shown in the agreements listed below, TCI state in FR1 does not contain any RS resource with 'QCL-TypeD'. Therefore, the feature of default PL RS update cannot be used in FR1 and RRC reconfigurations may still be required in FR1 to update the PL RS for PUSCH, PUCCH, and SRS. 
	Agreement @ RAN1#91
	QCL linkage for below 6GHz before RRC
	signalling

	SSB  DMRS for PDCCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
	



	QCL linkage for below 6GHz after RRC
	signalling

	TRS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
	QCL type: A

	CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
	QCL type: A






Observation 1: Existing design of default PL RS is ‘FR2-only’. RRC reconfigurations may still be required to update the PL RS for PUSCH, PUCCH, and SRS in FR1.
From overhead/latency perspective, it is not preferred to do RRC reconfigurations. Such ‘FR2-only’ restriction does not bring any technical advantages but preventing FR1 system to benefit from Rel-16 enhancements. For the feature of default PL RS in particular, it can be supported in FR1 by simply removing the restriction on ‘QCL-TypeD’ RS, and allow other QCL-Type RS to be used as the default PL RS for FR1. 
Summary of changes
Allow non-TypeD QCL reference RS to be used as default PL RS derived from indicated TCI state. 
Consequences if not approved
Default PL RS cannot be supported in FR1.
To summarize above discussions, we have a proposal as follows.
Proposal 1: Allow non-TypeD QCL reference RS to be used as default PL RS derived from indicated TCI state.
An indicative TP is provided as below. Please note that we use SRS power control in TS 38.213 Section 7.3.1 as an example. Similar updates are needed for PUSCH power control in TS 38.213 Section 7.1.1 and for PUCCH power control in Section 7.2.1.
TP3:  for 38.213 g30:
	< Start of text proposal on TS 38.213 v16.3.0 Section 7.3.1>
< Unchanged parts are omitted >
-	If the UE
-	is not provided pathlossReferenceRS or SRS-PathlossReferenceRS, 
-	is not provided spatialRelationInfo, and
-	is provided enableDefaultBeamPL-ForSRS-r16, and 
-	is not provided CORESETPoolIndex value of 1 for any CORESET, or is provided CORESETPoolIndex value of 1 for all CORESETs, in ControlResourceSet and no codepoint of a TCI field, if any, in a DCI format of any search space set maps to two TCI states [5, TS 38.212]

	the UE determines a RS resource index  providing a periodic RS resource with 'QCL-TypeD', if there are two RS indexes in the TCI state or the QCL assumption, the UE selects the one corresponding to 'QCL-TypeD', in
-	the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP, if CORESETs are provided in the active DL BWP of serving cell 
-	the active PDSCH TCI state with lowest ID [6, TS 38.214] in the active DL BWP, if CORESETs are not provided in the active DL BWP of serving cell 
< Unchanged parts are omitted >
< End of text proposal on TS 38.213 v16.3.0 Section 7.3.1>



· For ZP and NZP based L1-SINR
Interference measurement with NZP+ZP IMR for L1-SINR reporting was captured in the spec but put under brackets. In previous meetings, companies shared concerns on how to measure from the single ZP IMR if multiple associated CMRs are configured with different QCL-TypeD assumptions. To address this concern, we propose to add a restriction that all CMRs should be QCLed w.r.t ‘QCL-TypeD’ if both NZP IMRs and ZP IMR are configured for L1-SINR reporting.
Summary of changes
Add a restriction that all CMRs should be QCLed w.r.t ‘QCL-TypeD’ if both NZP IMRs and ZP IMR are configured, and remove brackets on interference measurement with NZP+ZP IMR for L1-SINR reporting
Consequences if not approved
Interference measurement with NZP+ZP IMR for L1-SINR reporting is not supported.

Proposal 2: If NZP + ZP IMRs are configured for L1-SINR reporting, the CMRs should be QCLed with respect to ‘QCL-TypeD’.
An indicative TP is provided as below.
TP4:  for 38.214 g30:
	< Start of text proposal  38.214 v16.3.0 Section 5.2.1.2>
	< Unchanged parts are omitted >	
-	[When three Resource Settings are configured, the first one Resource Setting (given by higher layer parameterresourcesForChannelMeasurement) is for channel measurement on SSB or NZP CSI-RS. The second one (given by either higher layer parameter csi-IM-ResourcesForInterference) is for interference measurement performed on CSI-IM, where each NZP CSI-RS resource set for channel measurement is associated with one CSI-IM resource for interference measurement. The Third one (given by higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for interference measurement performed on 1 port NZP CSI-RS with density 3 REs/RB.]
-	UE expects that the NZP CSI-RS resources in each NZP CSI-RS resource set for channel measurement are QCLed with respect to ‘QCL-TypeD’.
< Unchanged parts are omitted >
< End of text proposal  38.214 v16.3.0 Section 5.2.1.2>



· For NZP CMR without QCL indication
In current spec, it is allowed that a periodic NZP CSI-CS resource without QCL indication to be configured as CMR of L1-SINR measurement. In this case, the UE assumption/expectation is unclear. Therefore, it is necessary to specify UE assumption/expectation for NZP CSI-RS without QCL indication when used as CMR for L1-SINR measurement.  
Summary of changes
When a periodic NZP CSI-RS resource without QCL indication is configured as CMR for LI-SINR measurement, a UE may assume all instances of the periodic NZP-CSI-RS resource are transmitted with the same downlink spatial domain transmission filter.
Consequences if not approved
Unclear UE assumption/expectation when a periodic NZP CSI-CS resource is configured as CMR for L1-SINR measurement but without QCL indication.

Proposal 3: When no QCL assumption is provided for a periodic NZP CSI-RS resource as CMR for L1-SINR measurement, the UE may assume all the instances of this CSI-RS are transmitted with the same downlink spatial domain transmission filter.
An indicative TP is provided as below:
TP5:  for 38.214 g30:
	< Start of text proposal on TS 38.214 v16.3.0 Section 5.2.1.2>
< Unchanged parts are omitted >
[bookmark: _Hlk23668618]For L1-SINR measurement:
-	When one Resource Setting is configured, the Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel and interference measurement on NZP CSI-RS for L1-SINR computation. UE may assume that same 1 port NZP CSI-RS resource(s) with density 3 REs/RB is used for both channel and interference measurements. 
-	When two Resource Settings are configured, the first one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement on SSB or NZP CSI-RS and the second one (given by either higher layer parameter csi-IM-ResourcesForInterference or higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for interference measurement performed on CSI-IM or on 1 port NZP CSI-RS with density 3 REs/RB, where each SSB or NZP CSI-RS resource for channel measurement is associated with one CSI-IM resource or one NZP CSI-RS resource for interference measurement by the ordering of the SSB or NZP CSI-RS resource for channel measurement and CSI-IM resource or NZP CSI-RS resource for interference measurement in the corresponding resource sets. The number of SSB(s) or CSI-RS resources for channel measurement equals to the number of CSI-IM resources or the number of NZP CSI-RS resource for interference measurement.
-	UE may apply the SSB, or 'QCL-TypeD' RS configured to the NZP CSI-RS resource for channel measurement, as the reference RS for determining 'QCL-TypeD' assumption for the corresponding CSI-IM resource or the corresponding NZP CSI-RS resource for interference measurement configured for one CSI reporting.
-	UE may expect that the NZP CSI-RS resource set for channel measurement and the NZP-CSI-RS resource set for interference measurement, if any, are configured with the higher layer parameter repetition.
-	[When three Resource Settings are configured, the first one Resource Setting (given by higher layer parameterresourcesForChannelMeasurement) is for channel measurement on SSB or NZP CSI-RS. The second one (given by either higher layer parameter csi-IM-ResourcesForInterference) is for interference measurement performed on CSI-IM, where each NZP CSI-RS resource set for channel measurement is associated with one CSI-IM resource for interference measurement. The Third one (given by higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for interference measurement performed on 1 port NZP CSI-RS with density 3 REs/RB.]
If a periodic NZP CSI-RS resource for channel measurement for L1-SINR computation is configured without the high layer parameter of qcl-InfoperiodicCSI-RS, UE may assume all the instances of the periodic NZP CSI-RS resource are transmitted with the same downlink spatial domain transmission filter.
< Unchanged parts are omitted >
< End of text proposal on TS 38.214 v16.3.0 Section 5.2.1.2>



[bookmark: _Ref129681832]Conclusions 
The above remaining issues need to be discussed and addressed during the meeting.
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