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Introduction
In RAN4#101-e meeting, the followings have been captured in RAN4#101-e meeting report.
	· RAN4 will further discuss the QCL definition update based on RAN1 agreements
· RAN4 will specify the TRP specific BFR including requirements for BFD, CBD and BFRQ assuming 2 BFD-RS sets in mTRP operations


In this contribution, we provide further discussion on QCL definition and TRP-specific BFR requirements for NR FeMIMO in R17.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]Issues on QCL definition
In R15/R16, a TCI state indicates the source RS for determining the DL QCL information of DL RS/channel. In R17, three types of TCI state are introduced for unified TCI framework. A DL TCI state can indicate the source RS for determining the DL QCL information of DL RS/channel. A UL state can indicate the source RS for determining the UL TX spatial filter information of UL RS/channel. A joint TCI state can indicate the source RS(s) for determining both DL QCL information of DL RS/channel and UL TX spatial filter information of UL RS/channel. In TS38.133, the current requirements on applicability of QCL are defined as follows:
	For the requirements specified in this version of the specification, a reference signal is considered to be QCLed to another reference signal if it is in the same TCI chain as the other reference signal, provided that the number of Reference Signals in the chain is no more than 4. It is assumed there is single QCL type per TCI chain.
A TCI chain consists of an SSB, and one or more CSI-RS resources, and the TCI state of each Reference Signal includes another Reference Signal in the same TCI chain. 
DMRS of PDCCH or PDSCH is QCLed with the reference signal in its active TCI state and any other reference signal that is QCLed, based on above criteria, with the reference signal in the active TCI state.


It can be observed that the existing applicability of QCL in R15/R16 is only applicable to DL channel. In R17, a TCI state can be configured to indicate a reference for determining UL TX spatial filter for PUCCH/PUSCH. Hence, the existing requirements on applicability of QCL need to be updated for applicable to UL channel also.
Proposal 1: In Rel-17, the requirements on applicability of QCL need to be updated for applicable to both DL and UL channel.
For a TCI state of DL RS/channel, the source RS(s) can be configured as SSB and/or CSI-RS. For a TCI state of UL RS/channel, the source RS can be configured as SRS, SSB or CSI-RS. For example, the source RS in TCI state of PUCCH/PUSCH is SRS #i, the source RS in TCI state of SRS #i is CSI-RS #j, and the QCL-TypeD source RS in TCI state of CSI-RS #j is SSB #k. Besides, the QCL-TypeD source RS in TCI state of PDCCH/PDCCH is CSI-RS #j. PUCCH/PUSCH can be considered to be QCLed with SRS #i, CSI-RS #j and SSB #k. PDCCH/PDSCH can be considered to be QCLed with CSI-RS #j and SSB #k. However, PDCCH/PDSCH shall not be considered to be QCLed with SRS #i (UL RS). For this case, the DL TCI chain consists of CSI-RS #j and SSB #k, and the UL TCI chain consists of SRS #i, CSI-RS #j and SSB #k. Hence, we suggest to define DL TCI chain and UL TCI chain, respectively.
Proposal 2: In Rel-17, it is suggested to define DL TCI chain and UL TCI chain respectively for unified TCI framework.
For DL, the existing definition of TCI chain in R15/R16 can be reused for DL TCI chain in R17. For UL, three types of UL TCI chain need to be considered: 1) SSB and CSI-RS; 2) SSB and SRS; 3) SSB, CSI-RS and SRS. Besides, the only QCL
Proposal 3: The existing definition of TCI chain in R15/R16 can be reused for DL TCL chain in R17.
Proposal 4: In R17, a UL TCI chain
· consists of an SSB, and one or more CSI-RS resources, and the TCI state of each reference signal includes another reference signal in the same TCI chain.
Or
· consists of an SSB, and one or more SRS resources, and the TCI state of each reference signal includes another reference signal in the same TCI chain.
Or
· consists of an SSB, and one or more CSI-RS resources, and one or more SRS resources, and the TCI state of each reference signal includes another reference signal in the same TCI chain.

TRP specific BFR
In R15/R16, the link recovery requirements are defined based cell-specific BFR configuration. Only one BFD-RS set with no more than 2 RS resources can be configured in on CC. In Rel-17, TRP-specific BFR is introduced for multi-TRP transmission. Two BFD-RS sets can be configured in one CC for multi-TRP beam failure detection, where each TRP is associated with a BFD-RS set. For multi-TRP link recovery procedure, BFD-RS sets and NBI-RS sets are 1-to-1 mapping configured. The physical layer in the UE assesses the radio link quality per BFD-RS set. When beam failure is detected on a BFD-RS set, the new candidate beam needs to be identified in the NBI-RS set associated with the failed BFD-RS set. A UE configured with TRP-specific BFR can be configured with up to 2 PUCCH-SR resources in a cell group. For BFRQ response, RAN1 agreed to support at least the same gNB response as in Rel.16 SCell BFR. RACH-based transmission can be triggered on a SpCell at least when beam failure is detected on all BFD-RS sets on the SpCell. It can be observed that the main difference between cell-specific BFR and TRP-specific BFR can be the total number of BFD-RSs in one CC. However, the total number of RSs in two BFD-RS sets per DL BWP is a UE capability. The UE shall be able to perform BFD measurements on all BFD-RSs in one CC provided the total number of BFD-RSs does not exceeds the UE capability. Hence, the current BFD and CBD measurement requirements for a serving cell configured with cell-specific BFR can also be applied to a serving cell configured with TRP-specific BFR.
Proposal 5: The existing BFD and CBD measurement requirements in R16 can be applied to the serving cell configured with TRP-specific BFR in R17.

Conclusions
[bookmark: _GoBack]This contribution provides our analysis on RRM requirements of QCL definition and TRP-specific BFR in NR FeMIMO. The followings are provided:
Proposal 1: In Rel-17, the requirements on applicability of QCL need to be updated for applicable to both DL and UL channel.
Proposal 2: In Rel-17, it is suggested to define DL TCI chain and UL TCI chain respectively for unified TCI framework.
Proposal 3: The existing definition of TCI chain in R15/R16 can be reused for DL TCL chain in R17.
Proposal 4: In R17, a UL TCI chain
· consists of an SSB, and one or more CSI-RS resources, and the TCI state of each reference signal includes another reference signal in the same TCI chain.
Or
· consists of an SSB, and one or more SRS resources, and the TCI state of each reference signal includes another reference signal in the same TCI chain.
Or
· consists of an SSB, and one or more CSI-RS resources, and one or more SRS resources, and the TCI state of each reference signal includes another reference signal in the same TCI chain.
Proposal 5: The existing BFD and CBD measurement requirements in R16 can be applied to the serving cell configured with TRP-specific BFR in R17.
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