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1. Introduction
In RAN4 #86bis meeting, the issue of the current TAE requirements for inter-BS deployment scenarios was shown in [1] and discussed. As a common understanding, it is not clear whether the current TAE requirements are applicable to inter-BS case. In order to clarify the applicability of inter-BS case, the way forward which summarized current agreements and open issues was agreed in [2]. 

In this contribution, we discuss on open issues for TAE requirements for inter-BS cases.
2. Way forward

In RAN4 #86bis meeting, the discussion for understanding TAE requirements for MIMO or TX diversity, and intra-band contiguous carrier aggregation was triggered in [1]. In the current TAE requirements, it is not clear whether the requirements are applicable to inter-BS case. Since there was a common understanding that it is necessary to clarify this issue, the way forward for clarification on the treatment on TAE requirements in inter-BS case was agreed as below [2]. 
Way forward [2]
· Following table shows the common RAN4 understanding of current TAE requirement applicability. (Discussion is required for yellow parts)

	Configurations
	TAE requirement

	
	Intra-BS
	Inter-BS

	MIMO or Tx div.
	65ns
	??

	intra-band C CA
	260ns (FR1), 130ns (FR2)
	??


· In RAN4#87 meeting, encouraged companies provide their understanding and view on following questions/action points.

1. If the current TAE requirements (65ns for MIMO/Div. for both FR1/FR2, 260ns for intra-band C CA for FR1, and 130ns for intra-band C CA for FR2) are also applicable for inter-BS case?

2. If the answer in 1. is “NO”, if RAN4 needs to specify separate TAE requirement for inter-BS case? If needed how RAN4 should derive the required TAE value?

· In RAN4#87 meeting, RAN4 shall decide/have consensus on at least above 1 question, and agree the clarification CR to TS38.104 if needed.

· Following table shows the common RAN4 understanding of current TAE requirement applicability. (Discussion is required for yellow parts)

	Configurations
	TAE requirement

	
	Intra-BS
	Inter-BS

	intra-band NC CA
	3us
	??

	inter-band CA
	3us
	??


· In RAN4#87 meeting, encouraged companies provide their understanding and view on following questions/action points.

1. If the current TAE requirements (3us for intra-band NC CA for both FR1/FR2, 3us for inter-band CA for both FR1/FR2) are also applicable for inter-BS case?

2. If the answer in 1. is “NO”, if RAN4 needs to specify separate TAE requirement for inter-BS case? If needed how RAN4 should derive the required TAE value?

In the following section, we discuss the above questions/action points. 
3. Discussion
3.1. TAE for MIMO or Tx diversity, or for intra-band contiguous CA
In historical perspective, the original TAE requirement for Tx diversity was discussed in UTRA, and simulation results (BLER versus Eb/N0) were shown in [3]. Based on these simulation results, RAN4 agree on 1/4 Tc (=65ns) as a TAE requirement for Tx diversity in UTRA specification [4]. After that, the same E-UTRA adopted the same TAE requirement with UTRA for MIMO or Tx diversity. Similarly, for NR, it was agreed to reuse from E-UTRA without additional investigation for NR. Also, in intra-band contiguous CA case, as mentioned in TR 38.817-02[5], the TAE value was specified based on only intra-BS case. Thus, inter-BS case was not assumed when the required values in UTRA, E-UTRA and NR TAE were discussed.
Observation 1: The values of current TAE requirements for MIMO or Tx diversity (65ns for both FR1 and FR2) or for intra-band contiguous CA (260ns for FR1/130ns for FR2) were decided based on intra-BS assumption.
Recently, not only CPRI but also Ethernet is used for interface connecting between baseband unit (BBU) and remote radio head (RRH). In general, the flexibility of Ethernet architecture is higher than CPRI and can be used as interface of a fronthaul network in NR. However, compare to CPRI, Ethernet is not good clock synchronization accuracy between BBU and RRH. As shown in Figure 1, if the current TAE requirement is applied for inter-BS case, it is necessary to consider not only “time alignment error of inside of RRH” (X ns) but also the “time error accuracy between the RRH and the BBU” (Y ns). In this case, the total time error accuracy can be calculated by sum of “time alignment error of inside of RRH” and the “time error accuracy between RRH and BBU” (X + Y ns). The total error accuracy becomes larger than only inside of RRH. In particular, Ethernet connections are more difficult to satisfy the current TAE requirement in inter-BS case than CPRI. Therefore, it is difficult to realize 65ns (for MIMO or Tx diversity) or 260ns/130ns (for intra-band contiguous CA) between RRHs, which are connected to a common BBU and located at different locations, especially for Ethernet interface. If the current TAE value is also applied to inter-BS, the flexibility of the fronthaul architecture and deployment scenario may be limited, so it should be applicable to only intra-BS.
Observation 2: The current TAE requirements for MIMO or Tx diversity (65ns for both FR1 and FR2) or for intra-band contiguous CA (260ns for FR1/130ns for FR2) are stringent for inter-BS case, especially for Ethernet connection.
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Figure 1. Example of TAE for intra-BS or inter-BS

From observation 1 and 2, the current TAE requirement for MIMO or Tx diversity, or for intra-band contiguous CA shall be applied for only intra-BS case.
Proposal 1: The current TAE requirements (65ns for MIMO or Tx diversity for both FR1/FR2, 260ns for intra-band contiguous CA for FR1, and 130ns for intra-band contiguous CA for FR2) are only applicable for intra-BS case, not applicable for inter-BS case.
Basically, RAN4 needs to specify the requirements covering possible deployment scenarios. If the current requirements are applied for only intra-BS case, there is no requirement for inter-BS case. RAN4 should clarify the TAE requirement to ensure the performance of the inter-BS deployment scenario. In order to derive the TAE requirement for inter-BS case, it is necessary to clarify the performance degradation by relaxing the TAE requirement. In actual, it is expected that performance will be degraded by relaxing the requirement, while it is expected that the performance will be improved by a distributed MIMO. To specify appropriate TAE requirements for inter-BS case, it is necessary to consider based on simulation results which clarify not only the performance degradation by relaxing TAE requirement but also the performance improvement by a distribute MIMO.
Proposal 2: RAN4 needs to specify separate TAE requirement for inter-BS case. The required TAE is FFS. 

Proposal 3: Companies are encouraged to contribute the simulation results which clarify not only the performance degradation by relaxing TAE requirement but also the performance improvement by a distribute MIMO to derive the requirement for inter-BS case.
3.2. The TAE requirements for intra-band non-contiguous CA and inter-band CA
As mentioned in TR 38.817-02, in the NR TAE requirement for intra-band non-contiguous CA or inter-band CA, the stringent TAE is not required since only assumed multiple FFT capable UE, which does not demand the stringent TAE requirement. The required value has been derived based on inter-BS deployment scenario and specified as relaxed value 3us than E-UTRA requirement. Also, in dual connectivity (DC) operation which is based on inter-BS deployment scenario, the cell phase sync accuracy, which is the required synchronization time accuracy between NR BS and E-UTRA BS, was also specified as same value 3us as TAE requirement. Thus, it is not necessary to reconsider the TAE requirement for intra-band non-contiguous CA and inter-band CA, and the current requirements should be applicable to not only intra-BS case but also inter-BS case. 
Proposal 4: The current TAE requirements (3us for intra-band non-contiguous CA for both FR1 and FR2, 3us for inter-band CA for both FR1 and FR2) are applicable for both intra-BS and inter-BS cases.
Table 1. Proposed TAE requirements for intra-band non-contiguous CA or inter-band CA
	Configurations
	TAE requirement

	
	Intra-BS
	Inter-BS

	intra-band non-contiguous CA
	3us
	3us

	inter-band CA
	3us
	3us


4. Conclusion

In this contribution, we further discussed on the TAE requirements for inter-BS case, and following observations and proposals were obtained.

For TAE requirement for MIMO or Tx diversity, or for intra-band contiguous CA.
Proposal 1: The current TAE requirements (65ns for MIMO or Tx diversity for both FR1/FR2, 260ns for intra-band contiguous CA for FR1, and 130ns for intra-band contiguous CA for FR2) are only applicable for intra-BS case, not applicable for inter-BS case.
Proposal 2: RAN4 needs to specify separate TAE requirement for inter-BS case. The required TAE is FFS. 

Proposal 3: To derive the requirement for inter-BS case, companies are encouraged to contribute the simulation results which clarify not only the performance degradation by relaxing TAE requirement but also the performance improvement by a distribute MIMO. 
For TAE requirement for intra-band non-contiguous CA and inter-band CA.
Proposal 4: The current TAE requirements (3us for intra-band non-contiguous CA for both FR1 and FR2, 3us for inter-band CA for both FR1 and FR2) are applicable for both intra-BS and inter-BS cases.
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