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Discussion
1 Introduction
The definition of “UE classes” associated with certain uplink / downlink data rate capabilities is currently agreed in [1], while exact data rates for UL and DL are still FFS. As an extension for this, a scheme that the UE can possess multiple UE classes was proposed [2].

The motivation of the proposal was to have the whole UE processing power pool shared for both UL and DL processing depending on a scenario, in order to fully utilise the UE processing power that is implemented with a certain cost.
Since no agreement was reached in RAN2 #58, RAN2 decided to have an email discussion. This document tries to provide a comparison between independent UL/DL bit rate capability and coupled UL/DL bit rate capability, and a summary of the email discussion.
2 Discussions
2.1 Independent versus Coupling
It is important to notice challenges that the mobile manufacturers are facing at for implementing hardware capable of the very high data rate that the LTE system is supposed to achieve. Even for WCDMA, especially HSPA, there are concerns in terms of supporting a high data rate capability with a reasonable hardware implementation (i.e. cost, power consumption…).
The consequence of having a “independent” UL/DL data rate capability is that the UE needs to support the declared data rate in both UL and DL simultaneously. So the UE capability is hard-coded at its production time. Regardless of what service the operator may want to support, the UE capability is fixed and cannot be changed. The following figure shows the concept of the independent UE capability. Here it is assumed that the required “per-bit” processing power is the same for the UL and the DL.
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Figure-1: Independent UL/DL bit rate capability

The figure-2 below shows the “coupled” UL/DL data rate capability. The supported processing power can be shared for UL and DL processing more dynamically (It is a different discussion how dynamic it is). The network and/or the UE can decide what combination to use, for instance based on knowledge about the service provided.
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Figure-2: Coupled UL/DL bit rate capability

In general, it is fair to say that the “coupled” scheme increases the overall complexity. The areas for consideration seem to be the following.
· Network scheduler implementation to support multiple UE capability

It was commented in RAN2#58 that having multiple UE capability increases the network implementation complexity. However as long as the UE capabilities are in line with the UE classes that are defined in the specification, the network would anyway need to support each UE class from the set of multiple UL/DL capabilities.

· Protocol / signalling to support the selection of UE class from the set of possible UE capabilities
So far the network selection of the used UE class is considered the center since it is thought that only the network has knowledge on the service. This implies that the network needs to be explicitly or implicitly informed of the combinations of UE data rate capability. An exception that has been discussed is the UE selection of data rate capability based on MBMS reception status.
2.2 Coupled UL/DL bit rate capability: Dynamic or Semi-static?
As opposed to the semi-static coupling in [2], it could be done more dynamically at the eNB scheduler. In this case the scheduler dynamically decides how much resource it would allocate for UL and DL respectively while making sure the sum of processing power required does not exceed the total UE processing power.
While it is recognized that the dynamic scheme achieves full flexibility, one concern that was raised with this approach in RAN2#58 is that it may be too complex for the scheduler to do this considering the HARQ operation that is in general unpredictable.

2.3 UE capability update procedure

It is currently agreed an equivalent of the UE CAPABILITY INFORMATION will be introduce in LTE. Today in WCDMA system it is not defined in the specification which UE capabilities the UE is allowed to change in the connected mode.

So one could argue that HSPA category change by the RRC signalling is already allowed in WCDMA. RAN2 has been careful on this matter and now there is the common understanding that the change of HSPA category will cause inter-operability problem.

This seems to be something that RAN2 should take care of in the stage-3 specification for LTE.
3 Summary of email discussion

There was one email exchange on the RAN2 email reflector.
At 04:05 (JST) 07/06/19, Victor Hou wrote:
This proposal seems unnecessary because it delves into UE implementation.  How processing power is split between UL and DL processing should not be something that the specification tries to control.  Rather areas such as the processing architecture so that both DL and UL are sufficiently supported is a matter of vendor implementation and differentiation.  With that said, the specification should state what DL and UL rate are required to be supported simultaneously, and that seems to be handled by the UE classes.
At 11:58 (JST) 07/06/20, Masato Kitazoe wrote:
Thank you for the comment.
It is true that currently in WCDMA system the issue it left to UE vendor implementation. The continuous discussion that have been taking place from release-6 time is that it may be a problem to just leave it as a UE implementation issue.
UE vendors have to support the very high data rate the LTE system supports. If we just leave it to UE implementation, what the operators would get may be LTE mobiles with a data rate capability that is not of operators' satisfactory. This is because there actually is a hit for the processing power the mobile vendor can implement with a reasonable cost.
There is another issue that is unspecified in the specification, but is restricted by the "reality" today. The current specification does not disallow the UE to change the HSPA categories (or even frequency band support) in connected mode. No mobile does it because one is not sure whether the network implementation supports it. I guess this is something we want to clarify in LTE, whatever the decision on the coupling of UL/DL capability would be.
4 Conclusion

The summary of the discussion so far has been shown in this document. Since the email discussion did not reach an agreement, it is proposed that RAN2 continue the discussion in the meeting.
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