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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 the following RAN4#91 and RAN4#92 meetings, there were extensive discussions but without conclusion. 
In this paper we will provide our views on how to move forward to define QCL relation in RAN4 spec.
2. Discussion
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 about when two reference signals or a physical channel and a reference signal are QCL-ed. 

During the discussions, some companies mentioned that QCL has been defined by RAN1. In our understanding, RAN1 defines the QCL in section 5.1.5 of 38.214, but it is more about what reference signals can be configured in the TCI state (as QCL source) of other reference signals or channels. The allowed QCL source and QCL type for different Reference Signals and Channels are shown in Table 1.

Table 1: Allowed QCL source and QCL type for different Reference Signals and Channels
	Reference signal or channel
	Allowed QCL source and QCL type

	PDCCH/PDSCH
	Type A to TRS, type D to the same TRS

Type A to TRS, type D to CSI-RS for BM

Type A to other CSI-RS, and type D to the same CSI-RS

	Periodic TRS
	Type C to SSB, type D to the same SSB

Type C to SSB, type D to CSI-RS for BM

	Aperiodic TRS
	Type A to periodic TRS, type D to the same TRS

	CSI-RS for BM (beam management)
	Type A to TRS, type D to the same TRS

Type A to TRS, type D to CSI-RS for BM

Type C to SSB, and type D to the same SSB

	Other CSI-RS
	Type A to TRS, type D to the same TRS

Type A to TRS, type D to SSB

Type A to TRS, type D to CSI-RS for BM

Type B to TRS when type D is not applicable


If we simply follow RAN1 definition, a reference signal or a channel will be considered as QCL-ed to only the reference signal in its active TCI state. This may be too restrictive from RAN4 perspective, e.g. L1-RSRP measurement requirements for CSI-RS with repetition OFF will not apply with the below TCI configuration, since SSB or CSI-RS with repetition ON is not included in its TCI state 

CSI-RS for BM --> TRS --> SSB

Therefore, we think from RAN4 needs to specify the QCL definition to determine the applicability of some RRM requirements (at least those mentioned at in the beginning of section 2). To allow network flexibility in TCI configuration, e.g. as the example above, the QCL definition needs to be based on the concept of TCI chain, i.e. RAN4 needs to define for whether and for how long the QCL relation continues on a TCI chain.
Proposal 1: RAN4 should specify QCL definition as it is needed to determine the applicability of some RRM requirements.
Proposal 2: The QCL definition should be based on TCI chain.
In RAN4#92, it was a common understanding that multiple reference signals on a TCI chain can be considered as QCL, but the question is whether number of reference signals on the TCI chain should be limited or not. Our view is that the number should be limited.
As UE needs to determine the Rx beam for receiving a reference signal or a channel based on its TCI chain, UE may 
· decide on the Rx beam based on only the reference signal in the TCI state, or 
· go through all the reference signals on the TCI chain to find the Rx beam source. 
The complexity of the former implementation does not depend on the length of the TCI chain, but the implementation is sub-optional from performance point of view, e.g. network changes the TCI of RS5 (from RS6 to RS8) before RS1, and for receiving RS1 there may be a delay for UE to get aware of the change, and UE may still use the old Rx beam obtained from SSB1 for some time (as the TCI for RS1 has not changed).
Old: RS1 --> RS2 --> RS3 --> RS4 --> RS5 --> RS6 --> RS7 --> SSB1
After change: RS1 --> RS2 --> RS3 --> RS4 --> RS5 --> RS8 --> RS9 --> SSB2

The 2nd implementation is better from performance point of view. As UE will check all the RS in the TCI chain, it will be aware of the change in the TCI state of RS5, so it will use the new Rx beam obtained from SSB2 for receiving RS1. With this implementation, UE has to go through the TCI chain every time before it receives the a reference signal or a channel, so the complexity will be depending on length of the TCI chain, which will be unaffordable if the TCI length is infinite.
On the other hand, we do not see a clear motivation for network to use very long TCI chain. In fact, from the restrictions in TCI configuration defined by RAN1 as shown in Table 1, the only possible configurations with infinitely long TCI chain are as below.
RS1 --> TRS --> CSI-RS for BM --> TRS --> CSI-RS for BM --> TRS --> CSI-RS for BM … --> SSB
RS1 --> CSI-RS for BM --> CSI-RS for BM --> CSI-RS for BM … --> SSB
In both configurations, there are many TRS and/or CSI-RS for BM in the TCI chain. There seems to be no use case to have multiple TRS or multiple CSI-RS for BM for a single Tx beam. 
Considering the fact that UE complexity increase with TCI length and there is no clear use case for long TCI chain, our suggestion is to limit the number of reference signals on the TCI chain to 4.
Proposal 3: The number of reference signals on the TCI chain should be limited to 4.

3. Conclusions

In this paper we provided our views on how to move forward to define QCL relation in RAN4 spec.
Proposal 1: RAN4 should specify QCL definition as it is needed to determine the applicability of some RRM requirements.
Proposal 2: The QCL definition should be based on TCI chain.
Proposal 3: The number of reference signals on the TCI chain should be limited to 4.
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