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1. Introduction
In the last RAN4 meeting, changing TAE and MRTD for intra-band non-contiguous CA were further discussed, however no consensus was reached. The values proposed by different companies are summarized in WF [1]. NOTE: This WF is just for information since it was noted. In this contribution, we further discuss on TAE and MRTD from BS perspective and provide our views.
	BS TAE
· Decouple the BS TAE discussions for FR1 and FR2.
· Consider the following: 
· BS TAE for FR1 Intra-band non-contiguous CA to be [3]us
· ZTE, HW, Samsung, CATT: 3us
· Ericsson, Intel, MediaTek, Nokia, Qualcomm: 260ns
· BS TAE for FR2 Intra-band non-contiguous CA to be [3]us
· ZTE, HW: 3us
· Nokia, Ericsson, MediaTek, Intel, Samsung: 260ns
· Qualcomm: 130ns
MRTD specification for intra-band NC CA
· Define the MRTD specification as follows in Section 7.6.4, TS 38.133:
Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	[3/0.26]

	FR2
	[3/0.26/0.13]







2.	Discussion
The current BS RF TAE and UE MRTD requirements for E-UTRA and NR are summarised in Table 1. It can be seen that NR TAE for CA was relaxed compared to E-UTRA TAE for CA. According to section 6.5.3, TR 38.817-02 [2], in TAE for intra-band non-contiguous CA, multiple FFT as UE receiver capability and 30us propagation delay as the deployment scenario were assumed, and non-collocated deployment is allowed, which are similar assumptions as E-UTRA. However, in UE RRM discussion, propagation delay has not been assumed since only co-located deployment scenario was assumed. The conflict between TAE and MRTD is coming from the different deployment assumptions between BS RF and UE RRM. The alignment of the deployment scenario between BS RF and UE RRM is necessary before discussion on revisiting required values. 
Observation 1: The current TAE requirements for intra-band non-contiguous CA is based on the assumption that multiple FFT UE receiver and non-collocated BS deployment, which is different from the assumption in UE RRM.
Table 1: TAE and MRTD in the current specifications
	CA configuration
	BS TAE
	UE MRTD

	
	E-UTRA
TS36.104 [3]
	NR
TS38.104 [4]
	E-UTRA
TS36.133 [5]
	NR
TS38.133 [6]

	
	
	FR1
	FR2
	
	FR1
	FR2

	Intra-band CA
	Contiguous
	130ns
	260ns
	130ns
	N/A
	N/A
	N/A

	
	Non-contiguous
	260ns
	3us
	3us
	30.26us
	3us
	3us

	Inter-band CA
	260ns
	3us
	3us
	30.26us
	33us
	8us



In the last meeting, revisiting TAE and MRTD to smaller values were proposed in [7], however some companies have concerns for non-backward compatible changes, and no consensus was reached. In [8], one of the concerns was shown from BS implementation and deployment perspective. According to observations in [8], in the multiple RRH case (i.e., inter-RRH case, Case B as shown in Figure 1 [8]), there is the possibility not to achieve TAE since timing modules are implemented to each RRHs independently. On the other hand, in single RRH case (i.e., intra-RRH case, Case A as shown in Figure 1 [8]), strict TAE values (e.g., 260ns for FR1 and 130ns for FR2) can be achieved. In short, the main concern is for inter-RRH case. 
However, from RAN4 BS RF specification perspective, TAE requirements for inter-RRH are out of scope in BS RF Rel.15 since RAN4 specify the requirements applied for one RRH. In addition, there is no testable method to confirm TAE for inter-RRH. Therefore, this non-backward compatible change might not have much impact on current BS implementations in terms of meeting the BS RF requirements.
On the other hand, even if TAE is not applied for inter-RRH, TAE to be satisfied between different RRHs in actual operation are substantially due to MRTD. 
Observation 2: Even if TAE requirements are revisited to smaller values (e.g., 260ns, 130ns), there might be no concern in BS RF since TAE is only applied for intra-RRH. 
Observation 3: TAE for inter-RRH is out of scope of BS RF in Rel.15, however in the actual operations, TAE for inter-RRH should be smaller than MRTD.

Figure 1. illustration of NR AAU w/o the same timing module
Figure 1 show examples of possible BS implementations for intra-band non-contiguous CA. The strict TAE for intra-band non-contiguous CA (i.e., 260ns for FR1 and 130ns for FR2) could be achieved easily in the case that a common master clock is shared to all CCs (Case A-1, A-2 and B-2). On the other hand, when each RRH has clock timing independently or when BBU provides clock timing to each RRH via separate front hall interfaces (Case A-2 and B-3), It can be difficult to achieve strict TAEs between CCs. Since achievable TAE for inter-RRH depends on BS implementation, MRTD values should be larger as much as possible to avoid the limitations of the BS implementation and the deployment flexibility.
Observation 4: Depending on BS implementations, even if co-located deployment, TAE 260ns for FR1 and 130ns for FR2 might be too strict for inter-RRH.

Figure 1: Example of Implementations for intra-band non-contiguous CA (2 CC case)

From above observations, we propose the followings:
Proposal 1: TAE for intra-band non-contiguous CA is applied for only intra-RRH
Proposal 2: If proposal 1 is agreed, revisit TAE for intra-band non-contiguous CA to 260ns for FR1 and 130ns for FR2.
Proposal 3: For UE MRTD for intra-band non-contiguous CA, consider different and larger value than TAE as much as possible to keep the flexibility of the implementation and deployment of the BS (e.g., MRTD = Half CP length).
3.	Conclusion
[bookmark: _GoBack]In this contribution, TAE and MRTD are discussed. The following observations and proposals are provided.
Observation 1: The current TAE requirements for intra-band non-contiguous CA is based on the assumption that multiple FFT UE receiver and non-collocated BS deployment, which is different from the assumption in UE RRM.
Observation 2: Even if TAE requirements are revisited to smaller values (e.g., 260ns, 130ns), there might be no concern in BS RF since TAE is only applied for intra-RRH. 
Observation 3: TAE for inter-RRH is out of scope of BS RF in Rel.15, however in the actual operations, TAE for inter-RRH should be smaller than MRTD.
Observation 4: Depending on BS implementations, even if co-located deployment, MRTD 260ns for FR1 and 130ns for FR2 might be too strict to TAE for inter-RRH.
Proposal 1: TAE for intra-band non-contiguous CA is applied for only intra-RRH
Proposal 2: If proposal 1 is agreed, revisit TAE for intra-band non-contiguous CA to 260ns for FR1 and 130ns for FR2.
Proposal 3: For UE MRTD for intra-band non-contiguous CA, consider different and larger value than TAE as much as possible to keep the flexibility of the implementation and deployment of the BS (e.g., MRTD = Half CP length).
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