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1 Introduction
In the last RAN plenary the EUL enhancement work was considered as completed at 20%, [1] (considering both RAN 1 and RAN 2 related aspects). Even though the completion rate is rather low, RAN 4 can start discussing potential implications on core requirements and whether work is needed in certain area or specification update is needed in order to be able to complete the work in a timely manner. This paper addresses the potential implications on the UE core requirements due to EUL enhancement feature. Companion papers discuss the implications on BS core requirements, RRM core and UE performance requirements.  
2 Background
The work item on EUL enhancement is focusing on the following topics:

· EUL coverage improvements mainly discussed in RAN 2

· Improvements to current access control mechanism mainly discussed in RAN 2
· Enhancements for enabling high user bitrates mainly discussed in RAN 1

· HS-DPCCH overhead reduction. mainly discussed in RAN 1

In the following we provide a description of the different aspects and a review of what has been agreed so far.

EUL coverage improvements 
This part is covering methods which allow for more efficient 2ms to 10ms switching which implies improvements of the accuracy of the coverage measurement and the speed and robustness of the switching procedure.
RAN 2 is discussing aspects related to the EUL coverage improvements for single RAB, by means of TTI switching and UPH measurements improvements; In particular methods for configuration and reporting of a new filtered UPH measurement, and methods to enable a faster TTI switch were discussed. 
The agreements were 

· New UPH measurement: A new filtered UPH measurement will be introduced (layer 3) and configured via RRC Measurement Control message. The filtered UPH measurement shall be encoded in 5 bits, as per legacy UPH value. A MAC PDU is used to report the filtered UPH. 
· TTI switching: The TTI switching solution will apply to both 2ms to 10ms and 10ms to 2ms. The network can pre-configure the UE with additional information for a different TTI length.  The decision to trigger the TTI switch can be taken autonomously by the serving Node B or by the RNC. In both cases, the serving Node B will inform the UE to perform the TTI switch via a Layer 1 HS-SCCH order.
Improvements to current access control mechanism

This item is aimed to provide a more flexible approach for UTRAN to primarily control Connected Mode in case of uplink overload. 
Some agreements were achieved in RAN 2, but those do not have implications in RAN 4, and they are omitted here.
High user bit rate in uplink

In uplink the users share the same resources and due to non-orthogonal transmissions, the capacity achieved may be limited due to interference. The interference increases with the increase in the transmitted bitrates. High bitrates introduce high interference to other users, and those users must increase their transmit power to overcome the interference and maintain their required signal to interference ratio at the receiver, affecting the cell both in terms of capacity and coverage. 

This item is aimed to introduce enhancements in UL Multi-Carrier for enabling high user bitrates on the secondary carrier. The main identified areas are as follows:

a) DTX/DRX enhancements (e.g. decouple DRX/DTX parameters between primary and secondary carriers, increase DTX cycles, increase DRX cycles, independent DTX parameterization).
b) Improved granting: Improved granting for secondary carriers and TDM operation

c) Improved power control after long DTX gap on secondary uplink frequency, if performance issues due to long data interruption are found.

Reduce UL control channel overhead

This item focuses on improving the coverage for HSPA multi-RAB including speech operation by means of HS-DPCCH overhead reduction. This affects the downlink CQI reporting. However, there are scenarios where the UE has become power limited and it has no downlink activity where CQI reporting is not needed and the power used for HS-DPCCH can be used for other services. Two schemes are under discussion in RAN 1 and no conclusion on the solution has been reached so far. One scheme is based on the introduction of a downlink inactivity timer and a CQI feedback cycle 2. The second scheme is based on scaling of HS-DPCCH before DCH and DPCCH either in an UE autonomous manner or controlled by the Network being the feature activated/deactivated by the Network through the RNC.
3 UE core impact: Transmitter
The EUL enhancement is based on 4 topics. Each may affect different part of the specifications. In the following we provide an overview of the impact on the UE TX core. In this chapter the corresponding sub-clauses in TS 25.101 are further discussed.
Clause 5
Clause 5 consists of frequency bands definition; TX-RX frequency separation and channel arrangement.
These requirements are not affected by the introduction of further EUL enhancement. 
Clause 6.2: Transmit Power 
The UE maximum output power in general defines the maximum values the UE can use to transmit depending on its power class. This requirement is unaffected. In addition, the “maximum output power for DC-HSUPA requirement defines the relation between CM and MPR for DC-HSUPA. In general under this work item there is no intention to chnge or introduce new beta factors or introduce new channels to be transmitted which may lead to an increase in the CM and hence no impact is foreseen for this requirement. The same requirements are applicable also for this feature.
The relative code domain power accuracy tests the ability of the UE to set the power level of individual codes in an accurate manner relative to the overall power level. This requirement is applicable per carrier when both the carriers have the same power level.  If no new beta factors are introduced, no impact is foreseen and the same requirements would apply. 
Clause 6.3: Frequency error 
No impact is foreseen on frequency error and same requirements are applicable also in this case. 
Clause 6.4: Output power dynamics
Power control related requirements may be affected by the item focusing on the improvement of the power control after long DTX gap on secondary uplink frequency. In fact due to longer DTX cycles the initial value derived from the previous value that was used in the last slot before the transmission gap may not be valid anymore and this may lead to longer convergence period. RAN 1 is discussing potential solutions to this issues and depending on the outcome there might or might not be impact in the core requirements. If no new TPC or RP-TPC values are introduced in RAN 1 and only the methodology to set up the initial value after long DTX cycles is newly defined,  then for example the inner loop power control will not be affected. 
The same minimum output power requirements <-50dBm (per carrier) should be appliacable. 

The aim of the out of synchronization handling of the output power requirements is to make sure that the UE is capable of following the TPC command quality in downlink and switch on and off its transmitted depending on the reliability of the TPC commands. The requirements are considering the case when the DTX is enabled in the UE but the UE still receives DPCCH in downlink and monitor its quality. Even with the introduction of potentially extended DTX cycles or the reduction of the uplink DPCCH burst this requirement is still applicable and it is not affected. 
Clause 6.5: Transmit ON/OFF power
The OFF power is defined as the mean power when the transmitter is off or when no DPCCH is transmitted. This requirement is not affected and should be satisfied independently from the introduction of nex DTX cycles. 
The requirements for transmit ON/OFF time mask aim at testing the UE capability of ramping up and down its power under various conditions during a specific transient period. Several scenarios are covered by this requirement which include PRACH preamble bursts, the beginning or end of PRACH message parts, the beginning or end of each discontinuous uplink DPCCH transmission gap and the beginning or end of UL DPCH transmissions.
In particular the scenario related to the discontinuous DPCCH uplink transmission might be affected by the introduction of longer DTX cycles which make the use of the latest TPC command invalid or inaccurate. Depending on the final RAN 1 decision this requirement might be affected. In fact so far the average on power after transmission gaps due to discontinuous uplink DPCCH transmission is defined in terms of uplink transmitter power difference tolerance after a transmission gap of up to 10 sub-frames considering the latest available TPC command before the transmission gap is applied by the UE after the transmission gap. 

If new longer DTX cycles are introduced and different methodologies to set the initial power level are defined and standardized in RAN 1 there might be the need to consider introducing an additional test to take into account such change.

This test still remain valid for short DTX cycles (10 subframes). 
Change of TFC and power setting in uplink compressed mode requirements are not affected.

The requirement for HS-DPCCH verifies that the UE satisfies certain power step tolerances when the power changes due to the transmission of HS-DPCCH. RAN 1 is discussing now the reduction of  the control channel overhead by reducing the HS-DPCCH overhead when this is not needed. RAN 1 still have to decide the exact methodology to reduce the HS-DPCCH overhead and the corresponding details. Considering that no new Beta factors would be introduced and that the same potential power steps are also valid when HS-DPCCH overhead power reduction is enabled, this requirement is still considered as valid without any need for change. Depending on the RAN 1 decision on which methodology to consider to apply HS-PDCCH overhead power reduction, it might need to be discussed further whether a new requirement is needed in order to make sure that the UE follows correctly the potential new scaling algorithm.
Clauses 6.6-6.8: Emission related requirements
The following tests are used in order to verify the quality of the RF. In general the legacy requirements are applicable also for a UE supporting further EUL enhancements (assuming no changes are defined for the beta factors). The conditions defined in the corresponding test set up are considered as representative use cases also for the further EUL enhancement feature. 

In particular inband emissions for DC-HSUPA is an important requirement which guarantee that one carrier set at maximum output power does not create interferer higher than a specified level on the adjacent carrier which is set at minimum output power, i.e. effectively make sure that a certain image rejection capability is achieved. This requirement is also applicable in case of further EUL enhancements as it is important to guarantee that high power carrier do not limit beyond a certain specified value the SINR achieved on the low power carrier. 
Phase discontinuity requirements verify that the phase does not change beyond a certain limit between any two time slots. For Further EUL enhancements no changes are foreseen.  
In summary no changes are foreseen for sections 6.6-6.8 and the legacy requirements apply.
4 UE core impact: Receivers (Clause 7 in 25.101)
The only aspect which may affect the receive UE core characteristics is the potential introduction of new DRX cycles to save UE battery life. The core requirements however are not defined by considering DRX cycles and are mainly aiming at verifying the UE RF quality.  Several RX core requirements are affected by the presence of dual uplink carriers (e.g. blokcing requirements, intermodulation). However those requirements are considered as applicable also for UE supporting further EUL enhancements, and the conditions defined in the corresponding test set up are considered as representative use cases also for the further EUL enhancement feature. 
Hence no changes are foreseen to UE receive core requirements in clause 7 of 25.101.
5 Conclusions

In this paper we have provided an initial assessment of the impact of EUL enhancement on the UE transmitter and receiver core. In general the impact is limited and depends on the RAN 1 progress. 

We have highlighted that the transmit ON OFF time mask may be affected by different starting values after long DTX cycles in case long DTX cycles are considered in the requirements.

For power control step tolerances for HS-DPCCH, depending on the RAN 1 decision on which methodology to consider to apply HS-DPCCH overhead power reduction, it might need to be discussed further whether a new requirement is needed in order to make sure that the UE follows correctly the potential new scaling algorithm.

For the other requirements the legacy tests are still considered as valid and applicable to the UE supporting further EUL enhancement.
Proposal 1: Pure RF UE TX and RX core requirements (clause 6.6-6.8 and 7) are not affected by the further EUL enhancement feature as well as requirements in section 5, 6.1-6.3. Requirements which are related to power control (6.4-6.5) might need further discussions (e.g. ON OFF time mask). 
6 References

[1]
RP-140128, “Status report for WI: Further EUL enhancements”, Ericsson
