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1. Introduction 
In last RAN4 NR AH#3 meeting, there are some initial discussions on TAE requirement of intra-band CA and inter-band CA, RAN4 agrees to further check whether legacy LTE requirement could be reused for FR1 NR BS. Therefore in this contribution, we want to share some initial considerations on this aspect.
2. Discussion  
Before we specify the TAE requirement for intra-band NR CA or inter-band CA, it’s quite necessary to review how this requirement is defined for legacy LTE CA.  
	
For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 130 ns.
-
For intra-band non-contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260 ns.

-
For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260ns.


For intra-band CA, CA carrier orthogonality is lost as soon as two carriers are miss-aligned more than the CP (more precisely miss-alignment plus delay spread must fit into cyclic prefix). This requires alignment within fraction of cyclic prefix. In order to maximize delay spread we can handle timing alignment should be as tight as possible.
For SCS 15KHz, the TCP=160*TS ≈ 5.2μs (first OFDM symbol) and TCP=144*TS ≈ 4.7μs (remaining OFDM symbols). TAE requirement 130ns for intra-band contiguous is only around 2.8% of CP, therefore we think the impact on the demodulation performance is still negligible. Even for lager SCS (e.g. 30KHz, 60KHz) with relative larger CP as shown in Table1, the time alignment error is still within 12% CP range, therefore we think it’s reasonable to reuse legacy TAE requirement for 5G NR BS. Meanwhile from implementation point of view, if the component carriers are generated from the same BBU and RRU, TAE requirement for NR intra-band contiguous CA could be maintained as same as legacy LTE intra-band CA requirement. 
Table1. SCS and CP length for FR1 NR BS

	Scaling factor (2^n)
	0
	1
	2

	Subcarrier spacing (kHz)
	15
	30
	60

	OFDM symbol duration (μs)
	66.67
	33.33
	16.67

	Normal CP length (μs)
	(5.2, 4.69)
	(2.6, 2.34)
	(1.3, 1.17)
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Figure1: Time alignment requirements for release 10 and 11
For inter-band CA, the orthogonality requirement does not really matter. The limiting cases are not to add too much to the UE processing budget of 2.3 ms considering 0.67ms time advance and HRAQ timing in case of a cell of max radius of 100 km as shown in Figure2. A 1% limit compared to legacy LTE 2.3 ms results in a 23μs requirement. For NR UL HARQ, this timing relationship is still under discussion. 
	· For slot-based scheduling, 

· DL data reception in slot N and corresponding acknowledgment in slot N+K1

· UL assignment in slot N and corresponding uplink data transmission in slot N+K2

· UL ACK/NACK reception in slot N and corresponding retransmission  of data (PDSCH) on DL in slot N+K3
· UL data reception in slot N and corresponding acknowledgment in slot N+K4 


In addition, TR37.863 for NR intra-band CA and inter-band CA was just approved, there is much input for this inter-band CA request until now which means this requirement is not very urgent for R15 spec.  
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Figure2: Timing relation between downlink data in sub frame n and uplink HARQ acknowledgment in sub frame n+4 [LTE feature]
3. Conclusions
In this proposal, we shared some initial considerations on TAE requirement for FR1 NR BS and proposals are made as following:
Proposal1: for intra-band contiguous CA, the legacy LTE TAE requirement could be reused for NR intra-band contiguous CA; 

Proposal2: for intra-band non-contiguous CA or inter-band CA, if orthogonality requirement does not really matters, further consider how to specify this TAE requirement. 
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Figure3. the alignment requirement for different 
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