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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). However, in the last RAN 1 meeting  a large amount of progress has been achieved as it is demonstrated by the LS RAN 4 has received in [2]. In previous meeting we have initially discussed the impact of further EUL enhancement feature on performance. In this contribution we continue the discussion on the necessity to introducing new requirements.   
In particular this contribution discusses two aspects: E-AGCH requirements and HS-DPCCH overhead power reduction. A way forward is proposed in order to progress the work.

2 Discussion
2.1 E-AGCH

2.1.1 Metric
One of the topics considered in the work item is the enhancements of the TDM behaviour wrt to UL scheduling grant. The following has been agreed in the last RAN 1 meeting:
Improved Granting

Working assumption:

· The UE is required to monitor only one E-AGCH code per cell (i.e. with DC-HSUPA one on primary and one on secondary carrier)
· Verify that multiuser scheduling is possible, or the working assumption needs to be revisited.
· E-AGCH grant detection (UE considers a transmitted E-AGCH with incorrect CRC as Zero_Grant) as a possible configuration for one E-AGCH

· Is up to RAN4 to determine if new performance requirement is needed or not. RAN1 is not soliciting feedback, but leaving it to RAN4 to decide.

· The HARQ retransmission handling to be decided in RAN1#77

With regards to the E-AGCH grant detection, the behavior related to UE DRX and not monitoring the E-AGCH channel should be reviewed.

Objectives for the HARQ retransmission handling solution:

· Avoidance of colliding retransmissions of one user with new transmissions of another user

According to the working assumption 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, if the CRC is decoded as incorrect it will stop the transmission right away. Hence, the UE will stop transmitting when not only a grant is sent for some other UEs but also there may be cases when nothing is sent by the network but still the UE wrongly detects that a signal is sent and interpret this as a grant for an other UE. This will correspond to several interruptions in the UE transmission and will create multitude of retransmission request with negative consequences on the overall achieved throughput. So it seems important to analyze this probability and make sure that this wrong DTX detection is sufficiently low. Hence it is essential in rel-12 to include a “signal presence” detection algorithm to make sure to reduce as much as possible this probability. 
However, if this detection algorithm is not accurate enough it could lead to collision, i.e. if at certain E-AGCH Ec/Ior levels the UE does not fulfill a sufficiently high “signal presence” detection rate, it might continue transmitting even though an E-AGCH has been transmitted to some other UEs. Hence creating collisions. Collisions between uplink transmissions will lead to retransmissions, while unjustified early interruption of uplink transmission will lead to additional grant transmission in downlink. RAN 1 may need to decide which aspect needs to be prioritized, but it seems that collisions must be avoided as much as possible.  

Observation 1: In Rel-12 it is important to include a “signal presence” detection algorithm. 

Observation 2: It is important to analyze the probability that nothing is sent by the network but still the UE wrongly detects that a signal has been sent and interpret this as a grant for an other UE and make sure that this wrong detection is sufficiently low.
Observation 3: It is important to analyze the probability that the UE does not detect any signal, when instead a signal is transmitted to some other UEs.
So far requirements for the E-AGCH are defined only in terms of missed detection probability. 
Let’s define the following events (considering that the user under test is use ‘U’):
A = {User ‘U’ successfully decode its grant}
B = {The NodeB is DTX}
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= {The NodeB transmits an E-AGCH signal}
C = {The NodeB transmits the grant for user ‘U’}
D = {The NodeB transmits the grant for user ‘K’} 
E = {The UE detects DTX}
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={The UE detects that E-AGCH signal is present} 

F= {The UE detects that the grant is for user ‘K’}

Where the 
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represents the complementary event wrt to X. 
The following probabilities can be defined:

Probabilities which depends on CRC check (assuming that the UE detects the presence of the signal)
Missed detection probability (as per requirement in TS 25.101): 1- Pr(A|C) corresponds to the usual missed detection probability, i.e. the user ‘U’ can not correctly detect its grant given that the signal sent is for him 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.  So far the requirement is defined for 10ms TTI only. 
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.
Probabilities which depends on signal detection

False alarm probability: Pr(A|B), this corresponds to the conditional probability that the user ‘U’ correctly detects its grant given that no grant (DTX) has been transmitted. 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). 
Wrong signal detection probability:  Prob(E|
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). This probability corresponds to the case when the UE does not correctly detect that signal is present conditioned on the fact that the network sends a grant to some other UEs. In that case if the UE is already transmitting it fails stopping its transmission and collision between two uplink transmissions will happen.
In the following we are going to analyze 1-False alarm probability and the wrong signal detection probability.
The complementary probability of the false alarm can be considered as the sum of two events, i.e. 

1. Prob(E|B): 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. 
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 the UE detects that a signal is present and the 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). This probability can be also written as follows (considering the Bayes rule)
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If we assume that the probability 
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Figure 1 shows example of the probability 
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for 2ms TTI and 10ms TTI as a function of a detection threshold (for the same conditions as per current requirement in TS 25.101), which is based on the received E-AGCH signal power  The threshold values which have been simulated correspond to a set {a, b, c, d, e, f} where a<b<c<d<e<f.  As it can be observed, the performance are significantly different from 10ms TTI and 2ms TTI and optimization of the detection algorithms is needed in order to achieve a sufficiently low probability 
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.The probability decreases when the threshold increases.
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Figure 1. probability 
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for 2ms TTI and 10ms TTI for Ior/Ioc = 0dB, VA30 (as per current requirement).

When we instead inspect the wrong signal detection probability, i.e.the probability of not detecting a signal when the signal is present, the behavior is different;  of course depends on the signal strength.  This probability is defined as 
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This is shown in Figure 2 for some detection threshold for 2ms and 10ms TTI (the x-axis is E-AGCH Ec/Ior and Ior/Ioc=0dB, VA30).
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Figure 2. 
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 for detection threshold=a,b,c,d, for 2ms and 10ms TTI vs E-AGCH Ec/Ior, Ior/Ioc=0dB, VA30 (as per current requirement).
As it can be seen from Figure 2 the detection threshold play an important role on how often the presence of the signal is detected. And we note also that the performance are very different from 2ms TTI compared to 10ms TTI as expected. Clearly thresholds which optimize the early stopping of the transmission, do not necessarily optimize the collision probability because of wrong signal detection probability and tradeoffs are needed. 
Hence, from this analysis it is clear that it is necessary to make sure that the signal detection probability is sufficiently good both in cases when DTX is transmitted and in cases when the actual grant signal is transmitted. This is not fulfilled only by the use of the legacy missed detection probability. 
Observation 4: it can not be implicitly assumed by considering only the missed detection probability metric, that the UE does not stop its transmission too frequently or too early and that the UE does not create collisions.
Proposal 1: Signal detection methodologies are needed in order to avoid early stopping of the transmission in case when the network does not signal any grant.

Proposal 2: New requirements are needed to make sure that  DTX condition and signal presence at certain target Ec/Ior are correctly detected.

Proposal 3: Additional metrics (in addition to missed detection probability) should be defined for E-AGCH enhanced granting scheme defined under further EUL enhancement to make sure that the UE has correct DTX detection capability to avoid too early or too frequent wrong interruption of the uplink transmission and sufficient signal detection rate when the signal is actually sent in order to avoid uplink transmission collisions. 
2.1.2 Performance requirements for E-AGCH

As shown from the figures above the performance in case of 10ms TTI and 2ms TTI are different. 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.  Clearly, if the UE satisfies the performance when combining 5 sub-frames does not necessarily means that it fulfills the possibly new requirements based on single instance transmission.

Additionally, it should be noted that requirements for E-HICH and E-RGCH performance requirements are defined for both 10ms and 2ms TTI (12 and 3 consecutive slots). 

Hence the following is proposed:

Proposal 4: A new test should be defined for the enhanced granting methodology under Further EUL enhancement feature where not only missed detection is used as metric but also DTX detection  and wrong signal detection probability are also introduced. The same legacy test set up could be considered as a starting point. New performance requirements should be added for 

· 2ms TTI, Ior/Ioc = 0dB 
· Target missed detection probability 1% at Ec/Ior=TBD
· Target DTX probability TBD% (DTX probability should be higher than the target) 
· Target wrong signal detection probability TBD% at  Ec/Ior=TBD (Wrong signal detection probability should be lower than the target)
2.2 CQI behaviour and HS-DPCCH scaling 
Under the reduced control channel overhead item RAN 1 is discussing methodologies to reduce the HS-DPCCH overhead. In particular this situation can happen when the UE becomes power limited and and it has no downlink activity. 
The following has been agreed for this feature:

HS-DPCCH overhead reduction

· The UE will revert to a second, longer CQI feedback cycle after a configured number of HS-SCCH TTIs of no transmission to the UE, and resume the normal CQI feedback cycle operation after HS-SCCH with consistent control information is detected by the UE.
· It shall be possible to configure the second feedback cycle to be equal to the normal CQI feedback cycle
Working assumption on HS-DPCCH overhead reduction

· When the UE hits the maximum power limit and no other channels but DPCCH, DPDCH and HS-DPCCH have available power left to transmit
· Transmit CQI=0 instead of valid CQI in sub-frames where CQI is required to be transmitted
· Scale the βhs when the CQI is transmitted in a HS-DPCCH sub-frame, but HARQ-ACK is not.
· Scale DPCCH, DPDCH and HS-DPCCH equally for HS-DPCCH sub-frames where HARQ-ACK is transmitted.
· The new scaling behaviour and criteria for deriving CQI=0 is configurable by higher layer signalling
The capabilities related to HS-DPCCH overhead reduction should be defined as part of the further uplink enhancement work item by RAN2.

Considering the above agreement, it is clear that a new methodology is now defined to set a second longer CQI feedback cycle when this is needed and that the UE scales down the HS-DPCCH (and DPCCH and DPDCH if needed) power when it the UE is allowed.

In fact wrong UE implementation could have detrimental effect, i.e.

· Do not lead to overhead reduction

· 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.
However as it might be difficult to verify the exact power scaling for HS-DPCCH (and DPCCH and DPDCH if needed) at least CQI=0 reporting could be tested. 

Proposal 5: Discuss further whether to introduce new feedback tests to make sure that the UE sets correctly CQI cycles upon reception of  a TBD number of HS-SCCH TTIs of no transmission to the UE and at least to verify the correct reporting of CQI=0  when the UE is allowed by the network.
3 Conclusions

In this contribution we have discussed the impact of the further EUL enhancement feature on UE performance. In particular we discuss the new granting methodology and the HS-PDCCH overhead reduction. The following observations and proposals are made.

E-AGCH granting:

Observation 1: In Rel-12 it is important to include a “signal presence” detection algorithm. 

Observation 2: It is important to analyze the probability that nothing is sent by the network but still the UE wrongly detects that a signal has been sent and interpret this as a grant for an other UE and make sure that this wrong detection is sufficiently low.

Observation 3: It is important to analyze the probability that the UE does not detect any signal, when instead a signal is transmitted to some other UEs.

Observation 4: it can not be implicitly assumed by considering only the missed detection probability metric, that the UE does not stop its transmission too frequently or too early and that the UE does not create collisions.

Proposal 1: Signal detection methodologies are needed in order to avoid early stopping of the transmission in case when the network does not signal any grant.

Proposal 2: New requirements are needed to make sure that  DTX condition and signal presence at certain target Ec/Ior are correctly detected.

Proposal 3: Additional metrics (in addition to missed detection probability) should be defined for E-AGCH enhanced granting scheme defined under further EUL enhancement to make sure that the UE has correct DTX detection capability to avoid too early or too frequent wrong interruption of the uplink transmission and sufficient signal detection rate when the signal is actually sent in order to avoid uplink transmission collisions. 

Proposal 4: A new test should be defined for the enhanced granting methodology under Further EUL enhancement feature where not only missed detection is used as metric but also DTX detection  and wrong signal detection probability are also introduced. The same legacy test set up could be considered as a starting point. New performance requirements should be added for 

· 2ms TTI, Ior/Ioc = 0dB 
· Target missed detection probability 1% at Ec/Ior=TBD
· Target DTX probability TBD% (DTX probability should be higher than the target) 
· Target wrong signal detection probability TBD% at  Ec/Ior=TBD (Wrong signal detection probability should be lower than the target)
HS-PDCCH overhead reduction:

Proposal 5: Discuss further whether to introduce new feedback tests to make sure that the UE sets correctly CQI cycles upon reception of  a TBD number of HS-SCCH TTIs of no transmission to the UE and at least to verify the correct reporting of CQI=0  when the UE is allowed by the network
4 References

[1]
RP-140128, “Status report for WI: Further EUL enhancements”, Ericsson
[2]
R1-141756, “LS on Further EUL Enhancements”, RAN 1
_1461073197.unknown

_1461077689.unknown

_1461222770.unknown

_1461222780.unknown

_1461140542.unknown

_1461073212.unknown

_1461073221.unknown

_1461077688.unknown

_1461073205.unknown

_1461062809.unknown

_1461062864.unknown

_1461062638.unknown

