
3GPP TSG RAN WG4 Meeting #108	R4-2311400
Toulouse, FR, 21st – 25th Aug. 2023
Agenda item:	8.34.3
Source: 	Fujitsu
[bookmark: _Hlk141362387]Title: 	Discussion on BS requirements for inter-band CA with SSB-less operation 
Document for:	Discussion
1. Introduction
In RAN4#107 meeting, the discussion for SSB-less operation was conducted and the following WF was approved [1]. 
Issue 1-1: TAE
· Further discuss the following values for TAE to guarantee the SSB-less feature performance. 
· Option 1: 2.x us, i.e., CP size for 30kHz SCS
· Option 2: 260ns
· Option 3: 65ns
· Option 4: 3us
· In the next meeting, encourage companies to provide the achievable values.

In this contribution, we share our thought on this issue.
2. Discussion
 Firstly, it is the fact that the requirements for TAE value for NR BS were specified in Rel-15 as follows. 
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For MIMO transmission, at each carrier frequency, TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 260ns.
[bookmark: OLE_LINK264][bookmark: OLE_LINK265]For intra-band non-contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
For inter-band carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.

Currently, many NR BSs have already been deployed in the commercial network in many countries and they are designed to satisfy the current TAE requirement for inter-band CA described in the above. 
Observation 1: BSs already deployed in the commercial network are designed to satisfy the current TAE requirement for inter-band CA. 
Since there are so many numbers of NR BSs in the commercial network, it is important for operators to consider the cost for legacy BSs when the NES function is implemented. In [2], one operator proposes to discuss the realization of NR NES function without updating the hardware devices as a baseline. 
Observation 2: There are demands from operators to realize the NES function without updating the hardware devices.
When we consider the difference of TAE values between intra-band contiguous CA and other CA configuration, our understanding is that one reason for it comes from the difference of BS architecture. For the intra-band contiguous CA, the same RU is supposed to be used. The different RUs might be considered for the intra-band non-contiguous or inter-band CA. In such cases, the TAE value could vary due to the connection of sync sources, switches, etc, as described in [3]. It means that the significant reduction of TAE value cannot be achieved by only the software update and then it is necessary to replace the hardware device in some cases. 
Observation 3: It is difficult to reduce the TAE value significantly via the software update. Hardware replacement might be needed.
Considering the above observations, our proposal is that the discussion for this feature should be based on the current TAE value. If the reduction of TAE is really needed due to the MRTD limitation from RRM perspective, the other limitations should be considered. 
Proposal 1: The discussion for inter-band CA with SSB-less operation should be based on the current TAE value. If the reduction of TAE value is needed, the other limitation should be considered.
Next, we would like to show the assumptions for the current RRM requirements for intra-band contiguous CA with SSB-less operation in FR1 as follows. 
If the SCell being activated belongs to FR1 and if there is at least one active serving cell contiguous to the SCell on that FR1 band, if the UE is not provided with SSB configuration (absoluteFrequencySSB) nor SMTC configuration for the target SCell, Tactivation_time is 3 ms for UE supporting scellWithoutSSB, provided
-	The RTD between the target SCell and the contiguous active serving cell is within within ±260ns, and 
-	The difference of the reception power with the contiguous active serving cell is <= 6dB, and 
-	The RS(s) of SCell being activated is (are) QCL-TypeA with TRS(s) of the SCell being activated, and the TRS(s) of the SCell being activated is (are) further QCL-TypeC with SSB(s) of any active serving cell that is contiguous to the SCell being activated on that FR1 band. 

There are some assumptions for satisfying the requirements. One assumption is that QCL-Type C is expected between PCell SSB and SCell TRS. It is well known that the doppler shift and average delay of the second signal can be estimated by the first signal if the two signals are QCL-Type C. 
Observation 4: In the RRM requirement for intra-band contiguous CA with SSB-less operation in FR1, QCL-Type C is expected between PCell SSB and SCell TRS.
We would like to discuss it in more detail. For the inter-band CA, it is common understanding that the beam patterns between two bands are different if the frequency of them are different. Figure 1 indicates two examples, (a) the beam correlation is high (b) the beam correlation is low, respectively. 
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Figure 1. the beam patterns between two bands (a) the beam correlation is high (b) the beam correlation is low
From the above figure, AoA is different between two bands if the beam correlation is low. It means that the same doppler shift or the average delay cannot be achieved if the beam correlation is low. The highly correlated beam is needed to satisfy QCL-Type C between PCell SSB and SCell TRS. 
Observation 5: Highly correlated beam is necessary for satisfying QCL-Type C between PCell SSB and SCell TRS.
The highly correlated beam can be achieved if the frequency distance between two bands is small and the same RU is used. On the other hands, if the frequency distance between two bands is large, it is difficult to align the beam characteristics, such as beamwidth, sidelobe, etc. It means that it is difficult to satisfy QCL-Type C between PCell SSB and SCell TRS when the frequency distance between two bands is large.
Observation 6: It is difficult to satisfy QCL-Type C between PCell SSB and SCell TRS when the frequency distance between two bands is large.
Considering the above observations, our proposal for the further discussion on this function is as follows. 
Proposal 2: RAN4 investigates the limitation of frequency distance for inter-band CA with SSB-less operation.
3. Conclusions
In this contribution, we share our observations and proposals for inter-band CA with SSB less operation as follows. 
Observation 1: BS already deployed in the commercial network might be designed to satisfy the current TAE requirement for inter-band CA. 
Observation 2: There are demands from operators to realize NES function without updating the hardware devices.
Observation 3: It is difficult to reduce the TAE value significantly via the software update. Hardware replacement might be needed. 
Proposal 1: The discussion for inter-band CA with SSB-less operation should be based on the current TAE value. If the reduction of TAE value is needed, the other limitation should be considered.
Observation 4: In the RRM requirement for intra-band contiguous CA with SSB-less operation in FR1, QCL-TypeC is expected between PCell SSB and SCell TRS. 
Observation 5: Highly correlated beam is necessary for satisfying QCL-Type C between PCell SSB and SCell TRS.
Observation 6: It is difficult to satisfy QCL-TypeC between PCell SSB and SCell TRS when the frequency distance between two bands is large. 
Proposal 2: RAN4 investigates the limitation of frequency distance for inter-band CA with SSB-less operation. 
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