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1 Introduction
In RAN4, there has been numerous discussions related to MRTD and CA deployments. CA TAE requirements at the base station have been agreed at in the previous meetings as well as requirements related to contiguous CA. Tight restrictions for inter band CA MRTD will severely limit and impact the deployment and CA performance in NR. 
In this contribution, we provide our understanding related to MRTD requirements for NR CA and also our proposals on how to define these requirements. 
2 Background

For LTE 3GPP 36.133 section 7.9.2 addresses inter band CA and allows for inter site deployments with a max ΔTprop of 30us corresponding to 9km suitable for heterogenous deployments.
For LTE non-contiguous CA the same ΔTprop= 30us is allowed and documented in 3GPP 36.133 section 7.9.3.

Observation- 1: For inter-band and non-contiguous CA LTE MRTD requirements allows flexible CA deployment especially important in heterogenous architectures.
It is our understanding that, similar flexibilities will also be needed for Rel-15 NR deployment. 
3 CA deployments
In NR, it’s expected that, different SCS may be used in carriers that are aggregated in CA manner. This will allow carrier aggregation between low band and high band, and even between FR1 and FR2.

One main reason for CA deployment is to provide high capacity, low latency and high user throughput in hotspot areas with a high service demand through a high band with robust contiguous C-plane coverage using lower band NR. The low band cell is intended for C-plane coverage and carrier of data when not able to transfer data on the high band. This is illustrated in the figure below. In the figure, we only show mmWave NR cell, however the same deployment is also used for NR cells in FR1, such as smaller NR cells in the high band of FR1. 
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Figure 1 Wanted CA deployments without strict MRTD requirements

The CA deployment will consist of large cell operating on low band NR and smaller cell on higher NR band. The low band cell is intended for C-plane coverage while high band NR cell (e.g. mmWave cell or 3.5GHz cell) is with its expected higher bandwidth intended for capacity and throughput boost within its service area. There could be large physical distances between the base stations. This means that there can be a large receive timing difference between the low band cell and a high band cell. The MTRD (and MTTD) must therefore be sufficiently large not to restrict the deployment of NR base stations, if it is too strict, it would limit the deployments of CA between high band cells (e.g. mmWave cells) and low band NR cells to be co-located at the same site. This is of course a significant restriction in NR that does not exist in LTE.
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Figure 2 Deployment restriction caused by strict CA MRTD

One of the prime importance is to maintain this deployment flexibility such that optimum benefits out of CA deployments can be obtained by the operators and end users.
So, in our opinion, strict CA MRTD requirements in NR will limit deployments to where the high band cell can be deployed rather than where these cells actually may be needed, which will cause a significant restriction in NR for operators and end users.

4 Requirements for inter-band CA 
4.1 MRTD requirement for inter-band CA 
The MRTD consists of two parameters, the BS Timing Alignment error (TAE) and the propagation delay difference time:

MRTD = TAE + ΔTprop

For NR inter-band CA, the TAE is defined as 3us [7].

In LTE the ΔTprop was defined as 30us i.e. a Δ distance of 9km.

In previous RAN4 contributions [1] it has been proposed scaling the MRTD based on SCS.

If we as an example use the scaling starting from the 33us at 15kHz we get the following Table.
	SCS
	MRTD (us)
	ΔTprop (us)
	Δ distance

	15k
	33
	30
	9 km

	30k
	16.5
	13.5
	4.05 km

	60k
	8.25
	5.25
	1.575 km 

	120k
	4.125
	1.125
	337m


For inter-band NR CA, there should be possibility for any combinations to be aggregated. As an example, as mentioned earlier a FR1 coverage cell at 15kHz and a 120kHz mmWave small cell would give a max allowable propagation delay difference of 1.13µs. This is a significant restriction and corresponds to propagation delay difference of only 339m compared to the 9km used in LTE as also illustrated in Figure 2 (only ~3.7% of the LTE allowed distance)! 
Another example would be between a 15kHz coverage cell and a 60kHz small cell where the LTE distance of 9km is reduced to 1.575km. 
Observation -2: Scaling MRTD with increasing SCS will severely restrict the CA deployment options, especially for low band NR with mmWave NR cells where deployments restricted to a max propagation difference of 337 m (in reality less physical distance between nodes to allow NLOS components).
One main argument for scaling have been UL power control however as shown in [2] showed that this should not be an issue for EN-DC and same applies for CA. EN-DC inter band is defined without MRTD SCS scaling [5] meaning no reason why scaling should be used for CA.

Observation -3: UL power control has been mentioned as a reason for scaling MRTD but it has been shown for EN-DC that this shall not be a restriction, same applies to CA. 
As already agreed in RAN4, no MRTD scaling for EN-DC inter band and since same UEs should also support CA no reason to have deployment restrictions and scaling for CA. 
In addition to EN-DC, for NR-NR DC, similar RF requirements and deployment conditions will be used as in NR CA. This is inline with what we have done in Rel-12 LTE DC. Where same RF requirements and deployment conditions are assumed for LTE CA and LTE DC.

Observation -4: No MRTD scaling for EN-DC inter band (also not anticipated for NR-NR DC) and since same UEs should also support CA no reason to have deployment restrictions and scaling for CA

In the early days of LTE and CA there where design limitations in the baseband timing since early platforms where originally and initially not designed towards CA, however considering the deployment consequences such old design limitation cannot be inherited into NR that is expected to last many years from now.

Observation -5: Considering the NR deployment restrictions old limitations in the early days of LTE cannot still be a limitation going forward with NR.
The UE HARQ processing time have been mentioned as a possible limitation to MRTD however in [6] section 5.3 the formula for the processing time includes a parameter d1.2 and based on the following description should take this into account.
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“If the UE is configured with multiple active component carriers, the value of d1,2 is equal to maximum timing difference between component carriers as given in [11, TS 38.133], otherwise d1,2 = 0.“
Observation -6: The HARQ processing time should not impose a restriction for the MRTD.
5 Conclusion
In this contribution, we discussed MRTD requirements and the severe impact of NR CA deployments that would be the results if scaling MRTD versus SCS.
Based on our understanding as explained in this paper, we observe the following: 

Observation- 1: For inter-band CA LTE MRTD requirements allows flexible CA deployment especially important in heterogenous architectures.
Observation -2: Scaling MRTD with increasing SCS will severely restrict the CA deployment options, especially for low band NR with mmWave NR cells where deployments restricted to a max propagation difference of 337 m (in reality less physical distance between nodes to allow NLOS components).
Observation -3: UL power control has been mentioned as a reason for scaling MRTD but it has been shown for EN-DC that this shall not be a restriction, same applies to CA.
Observation -4: No MRTD scaling for EN-DC inter band (also not anticipated for NR-NR DC) and since same UEs should also support CA no reason to have deployment restrictions and scaling for CA. 

Observation -5: Considering the NR deployment restrictions old limitations in the early days of LTE cannot still be a limitation going forward with NR.
Observation -6: The HARQ processing time should not be a limitation for the MRTD.
The only option for making possible a CA deployment with a large NR cell overlapping multiple NR cells with smaller radii is to not scale MRTD versus SCS. 
Proposal: For inter-band CA operation in NR,
· the UE shall be capable of handling at least a relative receive timing difference between slot timing of different carriers to be aggregated at the UE receiver of 33 µs for FR1, 8 µs for FR2 and 33µs for inter-band NR carrier aggregation between FR1 and FR2.

Based on these proposals, we proposed a draft CR in [3].
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