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1 Introduction
A new Work Item on “Further EUL Enhancements” was approved during the RAN#62 plenary meeting. The objective of the Work Item consists in specifying technical solutions for increasing the uplink capacity, coverage, and end user performance (e.g. latency, achievable rates, etc.) [1].
During RAN1#76, the area related with “DTX/DRX enhancements (e.g. decouple DRX/DTX parameters between primary and secondary carriers, increase DTX cycles, increase DRX cycles, independent DTX parameterization)” was discussed, from which different alternatives for further reducing the uplink DPCCH activity on the secondary carriers were considered (e.g. further extending the possible DTX cycle 2 durations, possibly also including ‘infinity’ [2], and transmit DPCCH only together with E-DPCCH/E-DPDCH [3]).  
This contribution reviews the motivation behind reducing the uplink DPCCH activity on the secondary carriers, and provides a summary of the RAN1 specification impacts for each of the proposals that are currently being considered as an alternative for achieving that goal.
2 Motivation behind reducing the uplink DPCCH activity on the secondary carriers
In CPC, the uplink DTX operation allows the network to keep inactive UEs in CELL_DCH state without having to excessively compromise the cell throughput. The above is achieved by reducing the DPCCH activity of the UEs that temporarily have no data to transmit.

Nevertheless, even though CPC significantly reduces the DPCCH activity, future traffic scenarios envisioned to operate at high rates will affected for side effects coming from the periodic transmission of DPCCH bursts (see Annex A [4]), and therefore in such scenarios to have or to be close to an ideal gating
 would be beneficial for the system performance.
An uplink DTX operation with ideal gating will allow keeping inactive UEs in CELL_DCH without compromising at all the interference headroom in the cell.

In RAN1#76 this topic was discussed, and currently there are proposals that consider either extending the length of the DTX cycle, or transmitting the DPCCH only together with the E-DPCCH/E-DPDCH.
The following section is intended to identify the RAN1 specification impacts for the proposals that are currently being considered.
3 RAN1 specification impacts for the proposals of reducing the uplink DPCCH activity on the secondary carriers 

In order to enhance the uplink DTX operation towards a better handling of the high data rate traffic, it has been proposed for the secondary carriers to allow to have an ideal gating or at least to be closer to it by using either of the following proposals discussed in RAN1#76:
· To further extending the DTX cycle 2 durations, possibly also including ‘infinity’.
· To transmit DPCCH only together with E-DPCCH/E-DPDCH.
In the following subsections the RAN1 impacts directly associated with the proposals stated before are summarized:

3.1 3GPP TS 25.214, 6C Discontinuous transmission and reception procedures 
TEXT IMPACTED: 
UE_DTX_cycle_2: Uplink DPCCH burst pattern length in subframes.

      PROPOSALS:
· Extending DTX cycle 2 (Numeric Value): 
· Extending DTX cycle 2 (Infinite): 
· Transmit DPCCH only together with E-DPCCH/E-DPDCH: N/A.
3.2 3GPP TS 25.214, 6C.2 Discontinuous uplink DPCCH transmission operation 
TEXT IMPACTED: 
… the UE shall not transmit the uplink DPCCH in a slot on an activated uplink frequency when all of the following conditions are met for that uplink frequency:

1. There is no HARQ-ACK transmission on HS-DPCCH as indicated in 6A.1 overlapping with the UL DPCCH slot,

2. There is no CQI transmission on HS-DPCCH as indicated in 6C.1 overlapping with the UL DPCCH slot,

3. There is no E-DCH transmission during the UL DPCCH slot,

4. The slot is in a gap in the Uplink DPCCH burst pattern defined in 6C.2.1,

5. The UL DPCCH preamble or postamble defined in 6C.2.2 is not transmitted in the slot.

6. Either the uplink frequency is a secondary uplink frequency where at least Enabling_Delay radio frames have passed since the activation of the secondary uplink frequency was applied, or it is a primary uplink frequency.
      PROPOSALS:

· Extending DTX cycle 2 (Numeric Value): N/A.
· Extending DTX cycle 2 (Infinite): A new sentence can be added:
7.    The Uplink DPCCH burst pattern is Infinite. 
· Transmit DPCCH only together with E-DPCCH/E-DPDCH: A new sentence can be added:
7. The uplink frequency is a secondary uplink frequency where the feature [Name to be defined] is enabled. 

3.3 3GPP TS 25.214, 6C.2.1 Uplink DPCCH burst pattern 

TEXT IMPACTED: 
If there has not been any E-DCH transmission for the last Inactivity_Threshold_for_UE_DTX_cycle_2 E-DCH TTIs, and at least this many TTIs have passed since the end of the Enabling_Delay, then:

· The transmission length in the Uplink DPCCH burst pattern shall be UE_DPCCH_burst_2 subframes.

· The gap length following the DPCCH transmission burst in the Uplink DPCCH burst pattern shall be

· (UE_DTX_cycle_2 – UE_DPCCH_burst_2) subframes,

· The first subframe in each Uplink DPCCH burst pattern shall be such that

· the CFN and DPCCH subframe number S verify 
((5*CFN - UE_DTX_DRX_Offset + S) MOD UE_DTX_cycle_2) = 0 
      PROPOSALS:

8. Extending DTX cycle 2 (Numeric Value): The new value will be chosen to be a multiple of the existing ones.
9. Extending DTX cycle 2 (Infinite): N/A if a new statement in section 6C.2 Discontinuous uplink DPCCH transmission operation is added. Otherwise, because of a numeric value is needed, the option of “Infinity” has to be handled in a special way. For example: 
· The transmission length in the Uplink DPCCH burst pattern shall be UE_DPCCH_burst_2 subframes.

· The gap length following the DPCCH transmission burst in the Uplink DPCCH burst pattern shall be

· (UE_DTX_cycle_2 – UE_DPCCH_burst_2) subframes,
If UE_DTX_cycle_2 is configured with the value of “Infinity”

· (X*max(UE_DTX_cycle_2) – UE_DPCCH_burst_2) subframes,

· The first subframe in each Uplink DPCCH burst pattern shall be such that

· the CFN and DPCCH subframe number S verify 
((5*CFN - UE_DTX_DRX_Offset + S) MOD UE_DTX_cycle_2) = 0 
If UE_DTX_cycle_2 is configured with the value of “Infinity”

· the CFN and DPCCH subframe number S verify 
((5*CFN - UE_DTX_DRX_Offset + S) MOD X*max(UE_DTX_cycle_2)) = 0 
10. Transmit DPCCH only together with E-DPCCH/E-DPDCH: N/A
4 Summary of the RAN1 specification impacts
Table 1 presents a summary of the possible RAN1 specification impacts that can be associated to each of the proposals that in RAN1#76 were considered as the potential solutions for reducing further the DPCCH activity on the secondary carriers.
Table 1. Summary of the possible RAN1 specification impacts

	3GPP TS 25.214

Text Impacted
	Proposal Requirement

	
	Extending the DTX cycle 2
	Transmit DPCCH only together with E-DPCCH/E-DPDCH

	Section: 6C Discontinuous transmission and reception procedures

UE_DTX_cycle_2: Uplink DPCCH burst pattern length in subframes
	Regardless if a longer value or “Infinity” is included as part of the DTX cycle 2, such a value would have to be added in the TS 25.331. 
	N/A

	Section: 6C.2 Discontinuous uplink DPCCH transmission operation

… the UE shall not transmit the uplink DPCCH in a slot on an activated uplink frequency when all of the following conditions are met for that uplink frequency:

 --- Text omitted ---
	N/A
	If “Infinity” is selected:

A new condition can be added:

7. The Uplink DPCCH burst pattern is Infinite.
	A new condition can be added:

7. The uplink frequency is a secondary uplink frequency where the feature [Name to be defined] is enabled.

	Section: 6C.2.1 Uplink DPCCH burst pattern

· The gap length following the DPCCH transmission burst in the Uplink DPCCH burst pattern shall be
· (UE_DTX_cycle_2 - UE_DPCCH_burst_2) subframes,

· The first subframe in each Uplink DPCCH burst pattern shall be such that
· the CFN and DPCCH subframe number S verify ((5*CFN - UE_DTX_DRX_Offset + S) MOD UE_DTX_cycle_2) = 0


	If the DTX cycle 2 gets extended:

N/A

The new value will be chosen to be a multiple of the existing ones.


	If “Infinity” is selected:

Because of a numeric value is needed, the option of “Infinity” has to be handled in a special way.
	N/A
.


From the conducted analysis it is possible to say that if the UE DTX cycle 2 gets extended with a numeric value then there is a minor impact in the specifications but the ideal gating cannot be achieved. If “Infinity” is included as part of the set of values composing the UE DTX cycle 2, then the “ideal gating” becomes true, however some of the equations using the UE DTX cycle 2 would be affected and an special treatment to those equations would need to be added.
On the other hand, transmitting the DPCCH only together with the E-DPCCH/E-DPDCH seems to be one of the most straight forward ways of making possible to have an ideal gating on the secondary carriers, since it only requires to add a new case in which the DPCCH burst shall not be transmitted. The above solution can also be used when the uplink DPCCH burst pattern is configured as “Infinity”.
There is yet another way of achieving the ideal gating, which is consists in adding the value of zero to the possible configurable lengths of the UE DPCCH bursts 2, which also results to be straight forward without affecting the equations related to the UE DTX cycles.
Proposal 1: Decide on which proposal (1. Extending the DTX cycle 2 (Infinite), 2. Extending the DTX cycle 2 (Numeric Value), 3. Transmit DPCCH only together with E-DPCCH/E-DPDCH) should be added to the uplink DTX operation of the secondary carriers. 
5 Conclusion
This contribution analyses the proposals that in RAN#76 were considered as potential candidates for reducing further the uplink interference on the secondary carriers. According to the conducted analysis in terms of gains and possible RAN1 specification impacts, in decreasing order of complexity, the proposals can be ordered as follows:

1. Extending DTX cycle 2 (Infinite)
2. Extending DTX cycle 2 (Numeric Value) 
3. Transmit DPCCH only together with E-DPCCH/E-DPDCH (Encompasses also the definition of “Infinity” if treated as a condition)
For the list above it is important to highlight that by using 1 and 3 the “ideal gating” can be achieved, while 2 only leads to have an additional reduction of the DPCCH overhead in the uplink.

Since 3 implies less specification impacts, and it allows to achieve an ideal gating, then it could be the one selected among the proposals stated in RAN#76. However it is kindly asked to companies to determine which is the best option that should be added to the uplink DTX operation of the secondary carriers.
Proposal 1: Decide on which proposal (1. Extending the DTX cycle 2 (Infinite), 2. Extending the DTX cycle 2 (Numeric Value), 3. Transmit DPCCH only together with E-DPCCH/E-DPDCH) should be added to the uplink DTX operation of the secondary carriers. 
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7 Annex
7.1 Impact of DPCCH burst on data (10Mbps)

Whenever a UE is transmitting data, it may collide with DPCCH bursts that are periodically transmitted by other inactive UEs in CELL_DCH. it has been found in [Ref] that for UEs transmitting at medium to high data rates (i.e., 5Mbps to 10Mbps) even a couple of DPCCH bursts colliding with the data can lead to an impact in the performance, as it is depicted in Figured 1.
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Figure 1: CPC vs Ideal Gating (BLER vs Ec/No), impact of DPCCH burst on data at 10Mbps, PA3 channel.

The figure shown above considers at most 2 DPCCH burst hitting the data of a UE transmitting at 10Mbps, in A) it can be seen that whenever there are not collisions CPC and the ideal gating perform the same, while in B) and C) it is possible to see the impact in the performance when 1 and 2 DPCCH bursts hit the data respectively.

7.2 Impact of data on DPCCH burst (10Mbps)

This section addresses the situation when the data of a UE1 collides with the DPCCH burst of an inactive UE that will re-establish its transmission one DTX cycle later. From such a situation it has been found that if the UE2 experiences high interference during a DPCCH burst, it will start its next data transmission with too high power as shown in Figure 2, which has been called ”Swing effect”.
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Figure 2: CPC vs Ideal Gating (BLER vs Ec/No), impact of data at 10Mbps on the DPCCH bursts, PA3 channel.

For different gap lengths (10ms, 20mn, 40ms) the figure above shows how a DPCCH bursts that has been hit by data will affect the transmission reestablishment of the UE that has been inactive, this since the power demands originated during the collision won’t have time to be compensated by a UE that transmits only during short periods of time as it is the case of a bursty traffic scenario. 

7.3 Performance impact when the longest DTX cycle and the minimum DPCCH burst length available in CPC are configured.

One proposal for alleviating the adverse effects coming from the DPCCH bursts when they interact with UEs transmitting at high rates has to do with reducing the average DPCCH load, which can be achieved by increasing the UE DTX cycle 2 to the maximum length (i.e., 320ms) and decreasing the UE DPCCH burst_2 to the minimum value (i.e., 1 subframe). 

The above setting was configured in CPC in order to evaluate the impact of different data patterns and multiple collisions in between the data transmissions based on the situation that in section 2.1.2 was called “the Swing effect,” Figure 3 shows such evaluation. 
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Figure 3: CPC vs Ideal Gating (BLER vs Ec/No), impact of data at 5Mbps on the DPCCH bursts, PA3 channel.

The initial evaluation involved a pattern consisting of 10TTI of data in a row, from which it is possible to observe that to have CPC configured with “extreme settings” compared to an ideal gating leads to have a similar performance. However, when the data transmission is shortened (B) 5TTIs & C) 3TTIs) for mimicking a bursty traffic, it has been seen in that the CPC case tends to be unstable since the power control doesn’t have enough time for compensating for the so called “Swing Effect”.
Regardless if a longer value or “Infinity” is included as part of the DTX cycle 2, such a value would have to be added in the TS 25.331.








� Ideal Gating: When inactive UEs in CELL_DCH state do not transmit DPCCH bursts


� The variable X can be configured by the network, if for example X = 200, then 200*max(UE_DTX_cycle_2) = 64 seconds.


� Synchronization procedure A won’t be impacted since the radio links already exists, while Synchronization procedure AA doesn’t apply since it refers to CELL_FACH state (i.e., the current proposal refers to CPC which has the goal of maintaining the UEs in CELL_DCH state over a long time period). 


� A performance impact caused by the DPCCH bursts was also observed for other channels (e.g. TU3, VA30) and lower data rates (i.e. 5Mbps). 


� It is fair to say that if the ILPC targets the SNR instead of the SINR then the problem is alleviated, but still a difference in performance was observed (TR 25.700 section B.1.2.2.3)
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