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1
Introduction
Terminal system design has to be based on maximum data rate scenarios to ensure that terminal is functional in all network deployments including lab testing with near perfect air interface (in practice a cable connecting  eNB to terminal). This raises an issue of over budgeting of terminal processing, memory and battery capacity to cope with maximum data rate scenarios. Justification to this over budgeting is anyhow weak at best, since probability of exceeding Expected user data rate in real world deployment is relatively low.
In RAN2#66bis a flow control was discussed in the TEI9 context and a LS to RAN5 was sent asking whether sustainable data rate test cases could be done. While RAN2 needs to await for RAN5 response a document R5-094397 gives following reasons as an advantage of flow control mechanism:

· Better “good” throughput, since network allocates no more bandwidth to a UE than it can consume.

· Improved efficiency of the radio resource usage. Allows eNB to not send data to the UE that will end up being discarded by the UE. 

· Minimizes the fluctuation of RTT for end-to end flow and hence reduces the probability of TCP timeout. 
· Allows the UE to down-prioritize user data in favour of other UE functions which the network scheduler is not aware of Protecting the UE under overload scenarios e.g. load caused by uplink or application run in the UE.
In this paper we propose a alternative approach of indicating UE L2/L3 data transfer capability (in addition to existing L1 capability) that will be more predicatable for NW to utilize than a very dynamic flow control mechanism.

2
Proposed solution

Even with non-constraining limits, unreasonable level of over budgeting remains mainly due laboratory environments, where a terminal must support (this has been requirement from operators) user data rates specified at L1 level due ideal air interface conditions. In other words, currently defined set of L1 related capability parameters fails to address user data throughput capability of terminal.
These use case scenarios must be limited thru set of constraining limit values. Since limits are UE implementation specific, these values should be included to UE Capability class definition. Possible solution to system operation is discussed below.

2.1
AMBR DL capability
User data rate related UE capability class parameter named MBR Limit is proposed for downlink direction. As naming implies, capability parameter sets constraints to downlink user data rates in addition to existing L1 UE capability (i.e. UE category requirements). The Downlink MBR Limit should be enforced within the network across the aggregate of all active non-GBR and GBR bearers of a UE. The Downlink MBR Limit may be lower than the MBR Limit indicated within UE L1 capabilities thus effectively providing a method for accommodating upper layer limitations in handling downlink data rates. 
Currently TS 23.401 [2] already defines user data rate limiting functionality with AMBR parameters based on user subscription level agreement with an operator. This means that essentially higher layer processing capability limits the maximum subscription level an UE is able to support. So in fact in many networks a mechanism to limit to UE data rate is already implemented but this knowledge is not visible in the UE and terminal implementation cannot utilize this to reduce costs of the UE. Furthermore, the AMBR is currently only applied across all non-GBR bearers. 

In order to support the DL MBR Limit within the network the AMBR could be redefined so that it limits the aggregated bitrate of all active EPS bearers of a UE, with GBR or non-GBR bearers both included. The MME would receive the UE specific Downlink MBR Limit during initial attach and ensure that the downlink UE-AMBR does not exceed the UE specific Downlink MBR Limit. The eNB would be required to enforce the UE-AMBR across all GBR and non-GBR bearers.

Example

UE declares 20Mb/s MBR (downlink) while supporting class 4 (~75Mbps) at L1 level. This would cut MER more than 50% compared to current situation.

Such a limit would also enable UE to support high L1 class while supporting only fraction of maximum user data rates. This would increase total link capacity significantly as NW could utilize whole link capacity more efficiently by allocating short “bursty” allocations whenever UE is in good radio conditions. Without such parameter UE would be forced to use lower L1 capability class to limit user data throughput. Additionally UE memory consumption would be decreased with this kind of capability as described in the Annex A due to less buffering requirements in the UE – Memory cost is very significant part of UE chip costs due to silicon area increase - A saving per UE could be quite significant.

One could of course say that this kind of AMBR DL capability is not required as one can utilize same in the TCP/IP layer (or by faking CQI/HARQ reports), but these kind of methods would cause lost eNB capacity and should not be utilized. To the user this would be seen in big variations in the perceived throughput.  

Another option discussed in the RAN2#66bis was a flow control mechanism which would be a dynamic method for UE to indicate that it cannot handle current data rates.  A concern raised by NW vendors was that this method could be utilized by UEs in unwanted manner i.e. faking the real UE capability by “always” indicating that UE cannot handle current data rate. If we consider proposed AMBR DL capability it does not have such a problem and additionally it gives very predicatable UE behaviours that are easily testable by RAN5.
4
Conclusion
In this paper we proposed a alternative way for handling the problem of very high data rates that upper layers may not be able to handle. The proposed AMBR DL UE capability would give a predictable method for UEs to indicate what are real UE data handling capabilities and thus provides a alternative method for avoiding flow control mechanism, which could give some unpredictable UE behaviours. Additionally the testing of flow control mechanism will be very difficult as on the other hand the AMBR DL is rather easily testable as also presented in the R5-094656, where a example sustained data rate testing feature is provided.  It should be noted that flow control mechanism would have more dynamic properties, which could be beneficial in case the resources of upper layers and modem are shared. Even in this kind of scenario UE vendor should be able to estimate/test the maximum usage of upper layers and what kind of data rates in that kind of situation UE could sustain. 
With current L1 based capability class definitions, an UE has to support equal user data rate than eNB difference being that UE is battery operated device.By defining a UE capability parameter described in chapter 2 terminal side system design will have solid to work with. Thus we propose to introduce UE capability of DL MBR Limit for the reasons presented in the paper and summarized below:

· UEs could give real indication of application/interface processing possibilities to the NW thus allowing e.g. USB modem type of UEs to indicate USB interface speed in addition to L1 capability. This would allow such a UE to have very high instantaneous data rates, but then limit higher layer data speed due to USB interface limitations

· UE could be designed in cheaper way as this would allow less memory consumption

· Unreasonable processing requirements for highest L1 category UEs would be prevented and it would be easier to implement to comply with higherer L1 processing capabilities thus allowing more scheduling flexibility and better link utilization in the eNB. This would be achieved as the eNB will basicly enver allocate whole link capacity to one UE, but divide it between multiple UEs.’

· Easily testable in RAN5 by data rate test cases

· Predictable UE behaviour as NW knows the upper layer processing capabilities

Proposal: To discus whether a UE AMBR capability indication would be good alternative to flow control mechanism by providing predictable limitations for both UE and NW to optimize their implementations.

