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1	Introduction
RAN2#94 reached the following agreements:
1 - 	DC approach for LTE-NR aggregation will be studied (FFS whether 3c/1a-like or other user plane architecture to be used)
1a	LTE as master and NR as master will both be studied..

1	Study both split bearer (3C bearers) and direct routing (1A bearers) for LTE-NR multi-RAT.

This contribution discusses properties of split bearers and directly routed bearers (of the kind of MCG and SCG bearers in LTE) for tight LTE-NR interworking.
2	Discussion
2.1	Processing aspects
[bookmark: _GoBack]A bearer split at LTE eNB. In the 3C user-plane architecture with LTE eNB being the master and hosting the PDCP of the split bearer, that PDCP needs to cipher all downlink data and de-cipher all uplink data on that bearer. On an LTE-NR split bearer that also includes the data exchanged over the NR radio. Because NR is targeted to support bit rates an order of magnitude (say, factor of 10) higher than LTE, the PDCP in the LTE eNB may or may not be able to process that high bit rates. It follows that in this configuration, the LTE eNB may become the limiting factor to the bit rate achievable on the split bearer, resulting in under-utilization of the NR radio.
Observation 1:	On a bearer split at LTE eNB between LTE and NR radios, the LTE eNB may become the limiting factor to the achievable bit rate, resulting in under-utilization of the NR radio.
In the case of a bearer split at NR base station, the data path specific to the LTE eNB will not become a bottleneck, since it only needs to serve the LTE-specific bit rate.
2.2	Buffering aspects
NR is targeted to support both bit rates an order of magnitude (say, factor of 10) higher and delays an order of magnitude shorter than LTE. The implications of this on buffering requirements are different with bearers split between LTE and NR, compared to directly routed bearers.
In the case of split bearers, the buffering requirement from combining and reordering the data flows received over the NR and LTE radios mostly stems from the data received over the shorter-delay path having to wait for missing packets to arrive over the longer-delay path. The dominant component of this requirement is therefore proportional to the product of data rate on the shorter-delay path and the (greatest expected) delay difference between the data paths.
If we first assume a negligible delay in transferring data between the base stations serving the split bearer, this product is always that between the NR bit rate and the delay of the LTE radio, regardless of whether the bearer is split at LTE eNB or NR base station.
Adding a non-negligible delay between the base stations into the picture changes this baseline requirement differently depending on where the split is done:
-	If the split is done at the LTE eNB, the buffering requirement first decreases with increasing delay between base stations (the data-path delays come closer together) to the point where the LTE radio with the lower bit rate becomes the shorter-delay path, after which it starts to increase again as the data-path delays diverge again.
-	If the split is done at the NR base station, the buffering requirement will increase (because the delay difference increases, while NR with its higher bit rate remains the shorter-delay path), and does so faster with increasing delay between base stations than in the latter phase of the previous case because the multiplier/slope is the NR bit rate instead of the LTE bit rate. 
In conclusion, it is safe to say that the buffering requirement from a bearer split at the NR base station represents a rate-delay product with each factor maximized over both the radios.
In the case of directly routed bearers, the buffering requirement similarly stems from packets being received with different delay – only over the same path. The buffer needs to be able to handle full-speed reception of data while waiting for a missing packet taking the maximum delay expected on the path, and is thus proportional to the rate-delay product specific to the (only) data path used.
Thus, comparing with MCG and SCG bearers over LTE, bearers directly routed over the NR radio need not come with any larger buffering requirements, if NR has a rate-delay product comparable to LTE (if both the rate and delay of LTE are improved by similar factors).
Observation 2:	On a bearer split at NR base station between LTE and NR radios, the buffering requirement from packet reordering combines factors maximized over both the radios, i.e. is proportional to the product of (the higher) NR bit rate and (the longer) LTE delay. In contrast, a bearer directly routed over NR does not imply larger buffering requirement than one directly routed over LTE, provided that NR has a rate-delay product comparable to LTE.
3	Conclusion
This contribution discusses properties of split bearers and directly routed bearers in tight LTE-NR interworking. We propose that RAN2 take the above observations into account in the ongoing study..
Observation 1:	On a bearer split at LTE eNB between LTE and NR radios, the LTE eNB may become the limiting factor to the achievable bit rate, resulting in under-utilization of the NR radio.
Observation 2:	On a bearer split at NR base station between LTE and NR radios, the buffering requirement from packet reordering combines factors maximized over both the radios, i.e. is proportional to the product of (the higher) NR bit rate and (the longer) LTE delay. In contrast, a bearer directly routed over NR does not imply larger buffering requirement than one directly routed over LTE, provided that NR has a rate-delay product comparable to LTE.
	Proposal: Capture Observations 1 and 2 in the TR.
A text proposal is provided below.
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Beginning of Text Proposal
[bookmark: _Toc453622052]17	Performance evaluation
Editor’s note: intended to capture the results of performance evalautions of the NR protocol design, specifically UP and CP latency evaluation.
On a bearer split at LTE eNB between LTE and NR radios, the LTE eNB may become the limiting factor to the achievable bit rate, resulting in under-utilization of the NR radio.
On a bearer split at NR base station between LTE and NR radios, the buffering requirement from packet reordering combines factors maximized over both the radios, i.e. is proportional to the product of (the higher) NR bit rate and (the longer) LTE delay. In contrast, a bearer directly routed over NR does not imply larger buffering requirement than one directly routed over LTE, provided that NR has a rate-delay product comparable to LTE.
End of Text Proposal




