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1. Introduction

In RAN4#90bis, it is agreed that the definition of QCL needs to be clarified in RAN4. 

	Agreement: for Rx beam sweeping for CSI-RS based L1-RSRP reporting, 
· When CSI-RS repetition is OFF, 
· For CSI-RS based L1-RSRP reporting in FR2, scaling factor N should be defined as following:

· N = 1 could apply if TCI state is configured to all the CSI-RS resources in the resource set.

· TCI state information means QCL Type-D to SSB for L1-RSRP or CSI-RS with repetition ON
· QCL Type-D needs further clarification in the next meeting
· No requirements if TCI state is not configured
· When CSI-RS repetition is ON, 
· The requirements apply provided TCI is provided for all resources in the resource set.


In RAN4#91, two alternatives for QCL definition are proposed [1-2], but no consensus is reached. In this paper we will provide our further analysis on the two alternative proposals.
2. Discussion
2.1. Need for QCL definition in RAN4
In RAN4 specification 38.133 the applicability of some requirements are depending on QCL relationship between two reference signals or between a physical channel and a reference signal:

· Whether there is scheduling restriction due to CSI-RS based RLM/BFD/L1-RSRP depends on whether the CSI-RS is QCL-ed with the PDCCH/PDSCH

· Whether UE is required to perform CSI-RS based BFD/RLM depends on whether the CSI-RS is QCL-ed with the PDCCH
· Whether UE is required to measure L1-RSRP on CSI-RS resource with repetition OFF depends on whether the CSI-RS is QCL-ed with SSB or CSI-RS with repetition ON

· Whether there is measurement restriction for two CSI-RS resources in the same symbol depends on whether the two resources are QCL-ed with each other

Therefore, it is meaningful to have a clear definition in RAN4 specification when two reference signals or a physical channel and a reference signal are QCL-ed. 

In RAN4#91, some companies mentioned that QCL has been defined by RAN1. In our understanding, the QCL is defined in section 5.1.5 of 38.214, but it only defines that a TCI state can be configured to PDCCH, PDSCH or a CSI-RS resource, and the reference signal in the TCI state is the QCL source. In other words, the section only defines that the PDCCH, PDSCH or CSI-RS should be considered to be QCL-ed with the RS in its TCI state, but it does not define whether and for how long the QCL relation continues on a TCI chain, or whether two reference signals with same QCL source are QCL-ed or not.
Observation 1: RAN1 has not defined a generic rule when two reference signals or a physical channel and a reference signal are QCL-ed.
In RAN4#91, two alternative proposals are discussed.
· Alt1: UE checks 1 and 2 hops on one TCI chain, but it checks multiple TCI chains
· a RS1 is QCL-ed with RS2 in its TCI state, and if RS2 also has a TCI state pointing to RS3, RS1 is also QCL-ed with RS3

· a RS1 is QCL-ed with RS4, if RS4 is QCL-ed with RS2 or RS3
· Alt2: UE checks all hops on one TCI chain, and it checks only one TCI chain
· a RS1 is QCL-ed with RS2 in its TCI state, if RS2 also has a TCI state pointing to RS3, RS1 is also QCL-ed with RS3, if RS3 also has a TCI state pointing to RS4, RS1 is also QCL-ed with RS4, and so on
Next, we will use a simple example to analyse the implication of Alt1 and Alt2 on network and UE implementation. In the example, UE is configured with a CORESET, and its TCI is pointing to a TRS, and the TRS is configured with a TCI pointing to an SSB. At the same time, UE is configured with CSI-RS for CQI, which is transmitted on the same Tx beam as the PDCCH. UE is also configured with 2 CSI-RS for L1-RSRP which are QCL-ed to the same SSB. In our understanding, it is rather straightforward for the network to configure the TCI like in Figure 1.
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Figure 1: Example of a TCI configuration with Alt1
With Alt1, all the CORESET and the RS-es will be considered as QCL-ed with each other. As a results, network could configure RLM/BFD on any of the TRS, CSI-RS for CQI or CSI-RS for L1-RSRP. Also, measurement on any of the TRS, CSI-RS for CQI or CSI-RS will not cause any scheduling restriction or measurement restriction.
With Alt2, however, only the RS-es on the same TCI chain are considered as QCL-ed. RLM/BFD can be only configured on TRS, and measurement on CSI-RS for CQI or CSI-RS for L1-RSRP will cause scheduling restriction to the CORESET. To allow UE to consider all RS-es as QCL-ed, network has to configure the TCI like in Figure 2. In our view, such a configuration will increase the complexity in QCL management at both network and UE side without any benefit. 
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Figure 2: Example of a TCI configuration with Alt2
Observation 2: With Alt2, there will be more scheduling and measurement restrictions. To overcome the problem, network has to configure many RS-es on a single TCI chain, which will increase the complexity in QCL management at both network and UE side without any benefit.
Another problem with Alt2 is that it is not robust to error cases. 
· If network makes an error in TCI configuration for a RS, it could impact many RS-es on the TCI chain before that RS. For example in Figure 2, if network incorrectly configured the TCI for CSI-RS for L1-RSRP1, reception of CSI-RS for CQI and the CORESET could fail.
· If network configures TCI chain as a circle, e.g. RS1 -> RS2 -> RS1, UE may end up in deadlock since UE is supposed to check infinite hops on the TCI chain.
Observation 3: Alt2 is not robust to error cases.
Finally, in 38.213 RAN1 has defined how to determine if two CORESETs have same QCL-TypeD property. The highlighted sentence mentions that two CSI-RS resources with TCI pointing to the same SSB are considered to be QCL-ed. It is in-line with Alt1 and conflicting with Alt2. Although it is only for the purpose of determining CORESET, it is better to have the generic QCL definition consistent with the existing rule.
	If a UE 

-
is configured for single cell operation or for operation with carrier aggregation in a same frequency band, and

-
monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have same or different QCL-TypeD properties on active DL BWP(s) of one or more cells

the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESETs having same QCL-TypeD properties as the CORESET, on the active DL BWP of a cell from the one or more cells 

-
the CORESET corresponds to the CSS set with the lowest index in the cell with the lowest index containing CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index
-
the lowest USS set index is determined over all USS sets with at least one PDCCH candidate in overlapping PDCCH monitoring occasions

-
for the purpose of determining the CORESET, a SS/PBCH block is considered to have different QCL-TypeD properties than a CSI-RS 

-
for the purpose of determining the CORESET, a first CSI-RS associated with a SS/PBCH block in a first cell and a second CSI-RS in a second cell that is also associated with the SS/PBCH block are assumed to have same QCL-TypeD properties 

-
the allocation of non-overlapping CCEs and of PDCCH candidates for PDCCH monitoring is according to all search space sets associated with the multiple CORESETs on the active D 
L BWP(s) of the one or more cells 

 -
the number of active TCI states is determined from the multiple CORESETs 


Observation 4: Alt2 is conflicting with the QCL rule defined by RAN1 for CORESET determination.
Based on above observations, and considering the typical network configurations, our proposal is to adopt Alt1 for QCL definition in RAN4 38.133. Specifically, the proposals from [1] are re-iterated below.

Proposal 1: An RS is considered to be QCL-ed with SSB or CSI-RS with repetition ON, 

· if the TCI of the RS includes the SSB or CSI-RS with repetition ON, or

· if the TCI of the RS includes a RS whose TCI includes the SSB or CSI-RS with repetition ON.

Proposal 2: Two RS-es are considered to be QCL-ed if they are QCL-ed to the same SSB or CSI-RS with repetition ON.

Proposal 3: In QCL definition, a PDCCH or PDSCH is represented by the RS in its active TCI state.
3. Conclusions

In this paper we provided our analysis on the two alternatives for QCL definition in RAN4, and we have the following observations and proposals.
Observation 1: RAN1 has not defined a generic rule when two reference signals or a physical channel and a reference signal are QCL-ed.
Observation 2: With Alt2, there will be more scheduling and measurement restrictions. To overcome the problem, network has to configure many RS-es on a single TCI chain, which will increase the complexity in QCL management at both network and UE side without any benefit.
Observation 3: Alt2 is not robust to error cases.

Observation 4: Alt2 is conflicting with the QCL rule defined by RAN1 for CORESET determination.
Proposal 1: An RS is considered to be QCL-ed with SSB or CSI-RS with repetition ON, 

· if the TCI of the RS includes the SSB or CSI-RS with repetition ON, or

· if the TCI of the RS includes a RS whose TCI includes the SSB or CSI-RS with repetition ON.

Proposal 2: Two RS-es are considered to be QCL-ed if they are QCL-ed to the same SSB or CSI-RS with repetition ON.

Proposal 3: In QCL definition, a PDCCH or PDSCH is represented by the RS in its active TCI state.
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