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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 if the completion rate is rather low RAN 4 can start discussing potential implications on core and performance requirements and assess 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.
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 [2] we provided an overview of the further EUL enhancement feature with a status of the discussion in other working groups. In this paper we discuss the potential impact on UE performance requirements and in particular Section 3 discusses the impact on core aspects due to potential new performance issues and Section 4 discusses purely performance issues.   

2 UE core impact due to performance issues

One of the topics considered in the work item is the enhancements of the TDM behaviour wrt to UL scheduling grant. Several solutions are under discussions and they are briefly mentioned here for the sake of completeness [3]:

1. New E-AGCH timing for deactivation: At the UE side, the idea is to apply the deactivation order with 1 TTI delay aiming at closing the gap with respect to the data transmission of the new granted UE.

2. Grant Detection: The UE transmits if and only if the CRC of the grant message sent through the E-AGCH is successful decoded (i.e., the CRC checks with its E-RNTI), otherwise it will stop the transmission right away.

3. Time Limited Grants: It preserves the L1 structure of the E-AGCH, but it gives an extra meaning to the granted value in order to indicate in advance the number of TTIs granted, which after expiring will allow to allocate a new UE without risk of collisions.

So far requirements for the E-AGCH are defined only in terms of missed detection probability. If methods 1 or 3 are selected the same legacy metric can still be used and the same reliability requirements could be considered as these methods do not change the basic E-AGCH structure. If method 2 is selected in RAN 1 new metrics may need to be introduced in RAN 4 in order to make sure that performance is acceptable and that collision does not happen more than a specified threshold, or that the UE does not stop transmitting too frequently. 

According to this method in fact the UE transmits only if successful decoding of the grant happens, while it stops transmitting if it detects that a grant was sent to someone else. Lets’s call

A = User ‘U’ successfully decode its grant

B = The NodeB is DTX

C = The NodeB transmits the grant for user ‘U’

D = The NodeB transmits the grant for user ‘K’ 

So several important events can happen and are listed in the following:

Missed detection: 1- Pr(A|C) corresponds to the usual missed detection probability, i.e. the user ‘U’ can not correctly detect its grant and hence it does not start transmitting. This is linked to the CRC length, hence the missed detection probability is considered to be sufficiently low.  
Wrong grant detection probability: Pr (A | D). This probability corresponds to the case when the user ‘U’ successfully decode that a grant is sent for user U when the network instead was transmitting a grant aimed for another user. This condition happens with very low probability as again it is linked to the CRC length and the use of the E-RNTI as mask. When this even happens, it can create a collision in uplink between 2 users.

False alarm probability: Pr(A|B), this corresponds to the conditional probability that the user ‘U’ correctly detects its grant given that no grant has been transmitted. This metric is already defined and the same requirement could be considered as valid also for this method. This probability is again linked to the CRC length and it is considered to be sufficiently small. However the corresponding complementary probability can be very high, 1-Pr(A|B). The complementary probability in fact can be considered as the sum of two events, i.e. 

1. the UE detects that nothing is transmitted (and hence it continues its uplink transmission if it was doing so) given that nothing has been transmitted
2. the UE detects that a grant is sent to someone else given that nothing has been transmitted (and hence the UE stops its uplink transmission if it was doing so)
In particular the event 2, if the corresponding probability is not sufficiently negligible, then it may lead to several interruptions in the UE transmission with negative consequences on the overall achieved throughput. 
Considering that only false alarm probability is defined in RAN 4 as E-AGCH requirement, it seems necessary to introduce new metrics to guarantee a small amount of wrong UL interruption. One could consider for example discussing the introduction of an explicit requirement on the probability that the UE detects that a grant is sent to someone else given that nothing has been transmitted.
Observation 1: depending on the decision RAN 1 will take on the TDM scheduling improvement new metrics might need to be introduced in RAN 4 for the E-AGCH performance.  
3 UE performance impact

3.1 E-AGCH

Considering the discussion in Section 3, of course, if method 2 is selected in RAN 1 then new performance requirements for E-AGCH is needed at least for the newly  introduced metric, to make sure that correct UE behaviour is guaranteed and that the uplink performance is not affected by too early or too frequent wrong interruption of the uplink transmission.

Observation 2:  depending on the decision RAN 1 will take on the TDM scheduling improvement, new requirements might be needed corresponding to newly introduced metrics.

In addition to this, according to the EUL coverage improvement item, one aspect which is under discussion is the improvement of the TTI switching between 2ms and 10ms to improve coverage. Currently, while E-HICH and E-RGCH performance requirements are defined for both 10ms and 2ms TTI (12 and 3 consecutive slots), the requirements for E-AGCH are defined only for 10ms TTI length. However, it seems important to introduce new E-AGCH requirements for 2ms TTI case considering that there are some differences in the transmission scheme depending on whether 2ms TTI or 10ms TTI is considered. In fact if a 10ms E-DCH TTI is used the three slots where E-AGCH is mapped are repeated 5 times to fill in the whole radio frame. In the 10 ms TTI case the UE receiver is combining the 5 sub-frames, hence exploiting the diversity gain. The current miss detection requirement for E-AGCH with 10ms TTI was set with the objective of testing the combining capabilities of the receiver, while it cannot clearly reflect the performance of E-AGCH for 2 ms TTI, which remain unknown. Hence, considering the enhancement of the TTI switching to enhance the coverage it seems important to make sure that the performance of the grant channel with 2ms TTI are correct and that the UE is capable of satisfy reasonable performance also for 2ms TTI case.  
Proposal 1: Introduce new E-AGCH performance requirements with 2ms TTI for legacy and if present the newly defined metrics.

3.2 CQI behaviour and HS-DPCCH scaling 
Under the reduced control channel overhead item RAN 1 is discussing methodologies to either reduce the HS-DPCCH (eventually to 0) or to avoid sending CQI feedback when this is not needed. In particular this situation can happen when the UE becomes power limited and and it has no downlink activity. Two schemes are under discussion in RAN 1. One scheme is based on the introduction of a downlink inactivity timer and a CQI feedback cycle 2. The second scheme is based on a selective scaling of HS-DPCCH which can be either controlled by the network or done in an autonomous manner (this is not decided yet). Independently from the methodology chosen in RAN 1, there might be need to consider the introduction of a new test to verify the UE behavior in such conditions, i.e. that the UE sets correct HS-DPCCH power scaling or that the UE implements correct CQI cycle 2 behavior in relation to the NodeB setting.  In fact wrong UE implementation could have detrimental effect on downlink performance, in particular if this is done in an autonomous manner in the UE. If the UE wrongly scales down the power of HS-DPCCH, CQI feedbacks may not be received correctly in the NodeB which will affect the link adaptation gains in downlink with potential consequent losses in throughput.
Observation 3: Considering the introduction of a new methodology in RAN 1 such that the HS-DPCCH overhead could be reduced by scaling down the HS-DPCCH power or by introducing additional CQI feedback cycles (depending on certain conditions), RAN 4 needs to discuss further whether a new CQI test is needed in order to guarantee correct UE implementation. 

4 Conclusions

In this contribution we have discussed the impact of the further EUL enhancement feature on UE performance. In particular the potential introduction of new metrics is discussed for E-AGCH and the following observation is made: 

Observation 1: depending on the decision RAN 1 will take on the TDM scheduling improvement new metrics might need to be introduced in RAN 4 for the E-AGCH performance.  
.  

The introduction of new metrics leads to the necessity of new performance requirements. This leads to the following observation:

Observation 2:  depending on the decision RAN 1 will take on the TDM scheduling improvement, new requirements might be needed corresponding to newly introduced metrics.

In addition pure performance aspects are also discussed and the following proposal and observation are made:

Proposal 1: Introduce new E-AGCH performance requirements with 2ms TTI for legacy and if present the newly defined metrics.

Observation 3: Considering the introduction of a new methodology in RAN 1 such that the HS-DPCCH overhead could be reduced by scaling down the HS-DPCCH power or by introducing additional CQI feedback cycles (depending on certain conditions), RAN 4 needs to discuss further whether a new CQI test is needed in order to guarantee correct UE implementation. 
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