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1. Introduction
In the last meeting, RAN2 has started the discussion on the tight interworking between LTE and NR. In TR38.913, following requirement is captured:

	-
The RAN architecture shall support tight interworking between the new RAT and LTE.

-
Considering high performing inter-RAT mobility and aggregation of data flows via at least dual connectivity between LTE and new RAT. This shall be supported for both collocated and non-collocated site deployments.


In this paper, we address the high-level architecture for LTE-NR aggregation.
2. Discussion
We think that the main purpose of aggregating the radio resource of LTE and NR is to enhance the throughput. Up to Rel-13, 3GPP specified CA and DC for such aggregation mechanism. It should be noted that only split bearer option is considered for DC in this paper. 

[image: image1]
Figure1. CA based aggregation and DC based aggregation
In the several papers [1-6], the comparison analysis for CA and DC were shown. Here, it will be worth reviewing the potential deployment scenario for the aggregation. Followings are the potential scenarios:
-
Case1: Non-co-sited different BSs connected via non-ideal transport
-
Case2: Co-sited different BSs connected via ideal transport
-
Case3: Co-sited (same BS)
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Figure.2 Deployment scenario for LTE and NR aggregation
Firstly, for Case1, since it is not realistic to have tight interaction via non-ideal transport, it is obvious that DC is needed.
Observation1: DC will be baseline architecture for LTE-NR aggregation in Case1 (Non-co-sited different BSs connected via non-ideal transport).
Therefore, we think that LTE and NR aggregation should be realized at least in form of DC.
Proposal1: LTE-NR aggregation is realized at least based on DC 
Since it will be desirable to reduce the number of options in standard to avoid market fragmentation, it can be considered to also cover Case2 and 3 by DC. However, DC was designed under the assumption that aggregated cells are connected via non-ideal transport. Thus, DC in case2 and 3 may be suboptimal. Therefore, it will be worth discussing how much difference will be foreseen between DC and CA in Case2 and 3. 
Before looking into such difference, we would like to review the difference between CA and DC (LTE-LTE aggregation) in the current specification. In general, CA has advantage from performance point of view compared with DC. Specifically, CA can realize very dynamic inter-cell coordination by centralized scheduler while DC is independent scheduler basis. Another difference is how dynamic the data is provided from L2 buffer. In CA, MAC requests data to L2 buffer (RLC) when scheduler decides to allocate radio resource for the UE and thus the derived data size should be always suitable for the radio condition of the serving cell. On the other hand, in DC, the data is provided by PDCP prior to the actual scheduling timing since dynamic data request from MAC to L2 buffer (PDCP) is not possible due to the non-ideal transport. Therefore, the data size is suboptimal, i.e., the data may be too large or too small for the actual radio condition. Also, DC flow control is basically performed based on RLC-ACK such that the flow control entity decides how much data should be provided for SeNB by observing the RLC-ACK from SeNB. This means that the radio condition information from SeNB is provided only every a few tens of milliseconds (RLC RTT).

Observation2: DC is designed with loose interaction compared with CA due to the assumption of non-ideal transport.
Next, we would like to discuss how the current DC works in Case2 (Co-sited different BSs connected via ideal transport). Due to the ideal transport, the tighter interaction between MeNB and SeNB is possible. SeNB can feedback assistant information to MeNB without additional delay on transport between them. However, as reviewed, the current flow control mechanism is based on RLC-ACK and the frequency of this feedback generation is limited by RLC RTT in SeNB. If we assume the similar order of RLC RTT (a few tens of milliseconds) for NR, the performance will be saturated since MeNB cannot follow the radio condition of NR sufficiently. If we assume the very large data, e.g., FTP download, the performance gap between CA and DC due to infrequent feedback will not be critical thanks to the sufficient averaging period. Nevertheless, from the dynamic load balancing for the short packet e.g., web browsing, the flow control will not work well. This is because MeNB may have finished the data transmission before obtaining the sufficient assistant information from SeNB, which results in less load balancing opportunity to NR. Therefore, we think that the current DC is suboptimal from performance point of view in Case2. 
Observation3: From performance point of view, the current DC will be suboptimal in Case2 (Co-sited different BSs connected via ideal transport).
For Case3 (Co-sited (same BS)), it is considered that LTE and NR are implemented using DC protocol architecture in the same BS. The difference between Case2 and Case3 is only whether LTE and NR are accommodated in the separate BSs or the same BS. Therefore, we may foresee the similar situation as observed in Case2. However, in Case3, the performance between CA and DC can be comparable due to proprietary interface. For example, the centralised scheduler can schedule both LTE and NR, and each MAC can request the data to the common L2 buffer dynamically as for CA. 

Observation4: The performance between CA and DC can be comparable due to proprietary interface in Case3 (Co-sited (same BS)).
Therefore, we would like to ask RAN2 to discuss whether to investigate CA as a potential architecture of LTE-NR aggregation for the case of ideal transport case.
Proposal2: RAN2 to discuss whether to investigate CA based LTE-NR aggregation on top of DC.
3. Summary

In this paper, we address the potential architecture for LTE-NR aggregation. Followings are observed and proposed:

Observation1: DC will be baseline architecture for LTE-NR aggregation in Case1 (Non-co-sited different BSs connected via non-ideal transport).

Observation2: DC is designed with loose interaction compared with CA due to the assumption of non-ideal transport.
Observation3: From performance point of view, the current DC will be suboptimal in Case2 (Co-sited different BSs connected via ideal transport).
Observation4: The performance between CA and DC can be comparable due to proprietary interface in Case3 (Co-sited (same BS)).
Proposal1: LTE-NR aggregation is realized at least based on DC
Proposal2: RAN2 to discuss whether to investigate CA based LTE-NR aggregation on top of DC.
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