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1. Introduction 
In last RAN4#84bis meeting, there are some initial discussions on TAE requirement of intra-band CA and inter-band CA in the contribution [1-2], however no consensus was reached in the BS RF session. Therefore in this contribution, we want to share some further considerations on this requirement.
2. Discussion  
For intra-band contiguous CA, there is only one RF chain and one BB implemented to decode the received signal as shown in Figure1, therefore the orthogonality is very important factor to guarantee system performance.
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Figure1. intra-band contiguous CA and intra-band non-contiguous CA
For intra-band contiguous CA, CA carrier orthogonality from BS side is lost as soon as two carriers are miss-alignment more than CP (more precisely miss-alignment plus delay spread must fit into cyclic prefix). This requires alignment within fraction of cyclic prefix. 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.
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)


Proposal1: for intra-band contiguous CA, the legacy LTE TAE requirement could be reused for NR intra-band contiguous CA; 
In addition, from implementation point of view, for intra-band contiguous CA,  the CA 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. 
However for intra-band non-contiguous CA and inter-band CA, there are some possibility that component carrier are generated by different BBU and different RRU. Considering one typical co-located deployment, one legacy LTE BS only supporting single carrier is updated to support intra-band non-contiguous CA where both BBU and RRU could be different for component carriers which should be taken into account. In such scenario, the TAE 260ns requirement is very challenging to be achieved, as TAE requirement should be achieved between two BBUs and RRUs which is not as easy as achieved by single RRU internally.
Observation1: for intra-band non-contiguous CA and inter-band CA in the co-located scenarios, if component carrier are generated by different BBU and different RRU, the TAE 260ns requirement is very challenging to be achieved, as TAE requirement should be achieved between different BBUs and RRUs instead of achieved internally. 

From the UE implementation point of view, for intra-band non-contiguous CA and inter-band CA, in general multiple RF chains and BBs are implemented to receive and decode each component carrier as shown in Figure2/3. It’s indicated in the contribution [2], TAE requirement assumed as UE side is 30.26us which is contributed by 30us from relative propagation distance 9Km and 260ns where no considerations were taken for interface between aggregated nodes.
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Figure2. intra-band non-contiguous CA 
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Figure3. inter-band CA

For intra-band non-contiguous CA and inter-band CA, if the aggregated nodes are not co-located as shown in Figure4, then grandmaster clock, time transport network and BS frame timing should also be considered which is much more challenging than co-located scenario or single carrier, especially for time transport network, if there are multiple intermediate nodes exiting (practical +/-5ns timing error for each intermediate node), then remaining time for BS frame timing is very limited.
Observation2: for intra-band non-contiguous CA and inter-band CA in the non co-located scenarios, grandmaster clock, time transport network and BS frame timing should also be considered which is much more challenging than co-located scenario or single carrier. 
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Figure4. the illustration of adjacent BS [non co-located] 
For intra-band non-contiguous CA and inter-band CA, the orthogonality requirement does not really matter, if we reuse the legacy LTE requirement for NR CA, then it will be inevitable to restrict the NR deployment. Meanwhile considering the complexity and limited investigation time for defining this requirement, we propose to postpone this requirement in the R15 spec. 
Proposal 2: to postpone this intra-band non contiguous CA and inter-band CA TAE requirement in R15; 

3. Conclusions
In this proposal, we shared some further 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; 
Observation1: for intra-band non-contiguous CA and inter-band CA in the co-located scenarios, if component carrier are generated by different BBU and different RRU, the TAE 260ns requirement is very challenging to be achieved, as TAE requirement should be achieved between different BBUs and RRUs instead of achieved internally. 

Observation2: for intra-band non-contiguous CA and inter-band CA in the non co-located scenarios, grandmaster clock, time transport network and BS frame timing should also be considered which is much more challenging than co-located scenario or single carrier. 
Proposal 2: to postpone this intra-band non contiguous CA and inter-band CA TAE requirement in R15; 
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