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1. Introduction

In RAN4#90bis most of the RRM requirements for beam management were completed. When discussing on the measurement requirements for L1-RSRP, some companies raised up the issue of definition of QCL. 
	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 our view, this is a quite valid issue that needs to be clarified, since not only the L1-RSRP measurement requirements, but there are also some other requirements defined depending on QCL relationship between two signals or between a channel and a signal. 

In this paper we will provide our views on how to define QCL relation for RRM requirements.
2. Discussion
As mentioned in section 1, there are some requirements defined depending on QCL relationship between two signals or between a channel and a signal:
· Whether there is scheduling restriction of 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 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 UE can measure two CSI-RS resources in the same symbol depends on whether the two resources are QCL-ed with each other [1]
Firstly, we consider all RS except CSI-RS with repetition OFF. For CSI-RS with repetition OFF, one open issues is how network associate it with CSI-RS with repetition ON, and we will discuss it later.

For two signals, RS1 and RS2, it is straightforward that they are QCL-ed if they are directly linked by TCI:

· RS1 ( RS2, and RS2 is SSB or CSI-RS with repetition ON. 
There can be QCL relation with indirect TCI link:

· RS1 ( RS3 ( RS2, where RS2 is SSB or CSI-RS with repetition ON
In our view, in this configurations, RS1 and RS2 are also QCL-ed. It should be noted that network can configure direct TCI link between RS1 and RS2, but to allow some configuration flexibility, UE should support interpreting the TCI link with one hop.
Of course, there can be more than one hops on the TCI chain, 
· RS1 ( RS3 ( RS4 ( RS2, where RS2 is SSB or CSI-RS with repetition ON
In our view, the motivation of such configuration is quite unclear. On the other hand, such a configuration will lead to complexity in beam management at both UE and network, so from requirement point of view, we think UE should not be required to consider RS1 is QCL-ed with any of the RS3, RS4 or RS2.

Another form of indirect TCI link can be 

· RS1 ( RS3, RS2 ( RS3, where RS3 is SSB or CSI-RS with repetition ON, or

· RS1 ( RS4 ( RS3, RS2 ( RS5 ( RS3, where RS3 is SSB or CSI-RS with repetition ON

In our view, in this configurations, RS1 and RS2 and RS3 can also be considered as QCL-ed, as they will be received by UE using the same Rx beam determined from SSB or CSI-RS with repetition ON
Above definition can be summarized as 
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.

When we determine whether one channel (PDCCH or PDSCH) and one RS are QCL-ed, the channel can be represented by the RS in its active TCI state, and the above proposed definition for two RS-es can apply.
Proposal 3: In QCL definition, a PDCCH or PDSCH is represented by the RS in its active TCI state.

Now we discuss how CSI-RS with repetition OFF is interpreted in QCL definition. 
CSI-RS with repetition OFF is usually used for P2 process, i.e. to select the best Tx beam. Typically after a Tx beam is selected, network will trigger the P3 process where UE will refine the Rx beam for that Tx beam based on CSI-RS with repetition ON. 

The question is, after P3 process, which Rx beam UE should use for receiving the CSI-RS with repetition OFF and the other RS or channels that are QCL-ed to it. This also relates to the network behaviour, i.e. whether network will change the TCI state of the CSI-RS with repetition OFF from SSB to CSI-RS with repetition ON. As a common understating is needed between network side and UE side, we are open to hearing views from other companies.
Proposal 4: RAN4 to further discuss the Rx beam for CSI-RS with repetition OFF after Rx beam refinement.
3. Conclusions
In this paper we provided our views on how to define QCL relation for RRM requirements.
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.

Proposal 4: RAN4 to further discuss the Rx beam for CSI-RS with repetition OFF after Rx beam refinement.
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