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1 Introduction
At RAN #72 a Work Item (WI) on “Multi carrier enhancements for UMTS” was officially approved [1], which basically consists in enabling the usage of 10ms TTI in “UL Multicarrier” scenarios. In RAN1 #86, the TSG RAN WG1 received from RAN2 a Liaison Statement (LS) related to the compatibility of Discontinuous Transmissions (DTX) with the Rel-14 WI on “Multi carrier enhancements for UMTS”. The content of the received LS states the following [2]:

“RAN2 is discussing the possibility of configuring Multi-Carrier enhancements in combination with legacy features. RAN2 would like to understand, in case that primary and secondary uplink frequency is configured with different TTIs, whether it is feasible to configure uplink DTX on either primary frequency or secondary frequency or both”.
And, the action to be taken by RAN1 is as follows: 

“RAN2 respectfully asks RAN1 to consider the question on Multi-Carrier enhancements and uplink DTX and provide feedback to RAN2”.

Aiming at providing a response to the question stated above, this contribution analyses the coexistence and potential drawbacks of configuring DTX when (DB-DC)/DC-HSUPA is configured with a mixed TTI configuration.

2 Background of DTX in UL Multicarrier scenarios
Prior to the 3GPP Rel-14 UL Multicarrier can only be configured with 2ms TTI on both the primary and the secondary uplink frequencies, while the Discontinuous Transmission setup allows you to configure the same DTX cycle lengths on both carriers in such a way that the cycles can get aligned.
On this matter, the Technical Specifications 25.331/TS 25.433 describe the values that can be configured for the DTX related parameters [3-4]:
Table1: DTX Information for the 2ms TTI configuration
	2ms TTI case

	UE DTX cycle 1: (1, 4, 5, 8, 10, 16, 20)

UE DTX cycle 2: (4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160)

MAC DTX cycle: (1, 4, 5, 8, 10, 16, 20)


Note that there are two DTX cycles because the UE may switch from UE DTX cycle 1 to UE DTX cycle 2 after a configurable period of E-DCH inactivity. Highlighting that the value used for the UE DTX cycle 2 is an integer multiple of the value used for the UE DTX cycle 1.

Moreover, the network can configure the UE to allow E-DCH transmissions to start only at certain subframes/frames by using the so called “MAC DTX Cycle”. This will allow the network to apply a discontinuous reception at the NodeB since this way it will be known when an uplink transmission may be performed.
3 DTX Compatibility with the Rel-14 Multicarrier enhancements for UMTS
Upon the completion of 3GPP Rel-14, the 10ms TTI configuration will be added to the UL Multicarrier scenarios, meaning that DB-DC/DC HSUPA could be configured with 10ms TTI on one carrier and 2ms TTI on the other carrier. When such a mixed TTI configuration in DB-DC/DC HSUPA be used along with Discontinuous Transmissions there will be a risk of ending up with misaligned cycles on the uplink carrier frequencies. This may occur because the DTX related parameters as defined in the Technical specification 25.331/TS 25.433 for the 10ms TTI case are as follows [3-4]:

Table2: DTX Information for the 10ms TTI configuration
	10ms TTI case

	UE DTX cycle 1: (1, 5, 10, 20)

UE DTX cycle 2: (5, 10, 20, 40, 80, 160)

MAC DTX cycle: (5, 10, 20)


As compared to the configurable values available in the “UE DTX cycle 1”, “UE DTX cycle 2” and the “MAC DTX cycle” for the 2ms TTI case, it can be noticed that the 10ms TTI case just contain a subset of values for the same parameters.
The mixed TTI configuration in DB-DC/DC HSUPA may lead to the following situation. For example, in a DC HSUPA scenario a secondary UL frequency operating with 2ms TTI may be planned to be configured with a “UE DTX cycle 1” equal to 4 subframes. Consequently, the operator would like to configure the primary uplink frequency operating with 10ms TTI also with a “UE DTX cycle” equal to 4 subframes, however this value is not available in the “UE DTX cycle 1” for 10ms TTI, therefore the operator decides to configure the “UE DTX cycle” with 5 subframes, leading to the following result:
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Figure 1: UL Multicarrier performing a misaligned discontinuous transmissions due that the TTI lengths are different per carrier
The consequences of ending up with misaligned cycles are that the “UE DPCCH burst” would be transmitted more often in one carrier as compared to the other carrier, which translates into extra UL interference. In this case, the “UE DPCCH bursts” would only get aligned once in a while as a function of the “least common multiple” of the cycles configured on the carriers. In the above example, the “least common multiple” between 4 subframes and 5 subframes is 20 subframes, meaning that only every 20 subframes the “UE DPCCH burst” will be transmitted on both carriers at the same time, keeping misaligned any other time.
Moreover, aiming at obtaining further battery savings, the “UE DRX cycle” is typically aligned with the “UE DTX cycle”, however due to the misalignments  the UE would have to keep listening to the downlink during more time leading to more battery consumption.
The intention of this document is to provide an answer to the LS on “Multi carrier enhancements for UMTS” received in RAN1 #86 by saying that in principle it should be feasible to configure “uplink DTX on either primary frequency or secondary frequency or both”. Nonetheless, in the RAN1’s opinion is beneficial to align the DTX cycles when a mixed TTI configuration (either 2ms+10ms TTI or 10ms+2ms TTI) is used in (DB-DC)/DC-HSUPA. Then is up to RAN2/RAN3 to the taken actions they deem more appropriate to dissolve the DTX/DRX cycle misalignments after a 10ms TTI configuration be incorporated to (DB-DC)/DC-HSUPA scenarios upon the completion of the 3GPP Rel-14. 
Proposal 1:  Inform to RAN2/RAN3 via an LS about the potential misalignments that can occur when Discontinuous Transmission/Reception is configured along with DB-DC/DC HSUPA using different TTI configurations per carrier.
4 Conclusions 

This contribution provides an analysis on the coexistence of DTX/DRX when UL Multicarrier is configured with different TTIs. From the investigation performed the following points can be highlighted:

· In RAN1 #86, the TSG RAN WG1 received from RAN2 a Liaison Statement (LS) related to the compatibility of Discontinuous Transmissions (DTX) with the Rel-14 WI on “Multi carrier enhancements for UMTS”.
· In concrete, the LS contained the following question:
· “RAN2 would like to understand, in case that primary and secondary uplink frequency is configured with different TTIs, whether it is feasible to configure uplink DTX on either primary frequency or secondary frequency or both”
· Aiming at providing a response, this contribution analysed the coexistence and potential drawbacks of configuring DTX when (DB-DC)/DC-HSUPA is configured with a mixed TTI configuration.

· As a background, it is important to be aware that prior the 3GPP Rel-14 UL Multicarrier can only be configured with 2ms TTI on both the primary and the secondary uplink frequencies, while the Discontinuous Transmission setup allows you to configure the same DTX cycle lengths on both carriers in such a way that the cycles can get aligned. 
· Nonetheless, upon the completion of 3GPP Rel-14, a 10ms TTI configuration will be added to the UL Multicarrier scenarios, meaning that DB-DC/DC HSUPA could be configured with 10ms TTI on one carrier and 2ms TTI on the other carrier.
· When such a mixed TTI configuration in DB-DC/DC HSUPA be used along with Discontinuous Transmissions there will be a risk of ending up with misaligned cycles on the uplink carrier frequencies.
· This may occur because the DTX related parameters as defined in the Technical specification for 2ms TTI and 10ms TTI are different [3-4]:
Table3: DTX Information for 2ms TTI, and 10ms TTI cases.
	2ms TTI case
	10ms TTI case

	UE DTX cycle 1: (1, 4, 5, 8, 10, 16, 20)

UE DTX cycle 2: (4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160)

MAC DTX cycle: (1, 4, 5, 8, 10, 16, 20)
	UE DTX cycle 1: (1, 5, 10, 20)

UE DTX cycle 2: (5, 10, 20, 40, 80, 160)

MAC DTX cycle: (5, 10, 20)


· The consequences of ending up with misaligned cycles are that the “UE DPCCH burst” would be transmitted more often in one carrier as compared to the other carrier, which translates into extra UL interference. In this case, the “UE DPCCH bursts” would only get aligned once in a while as a function of the “least common multiple” of the cycles configured on the carriers. 
· An example of a potential misalignment is shown in Figure 1, where the “UE DPCCH burst” only gets aligned every 20 subframes, keeping misaligned any other time.
· Moreover, aiming at obtaining further battery savings, the “UE DRX cycle” is typically aligned with the “UE DTX cycle”, however due to the misalignments the UE would have to keep listening to the downlink during more time resulting in more battery consumption.
Therefore, and based on the analysis performed in this contribution, the following proposal has been made:
Proposal 1:  Inform to RAN2/RAN3 via an LS informing about the potential misalignments that can occur when Discontinuous Transmission/Reception is configured along with DB-DC/DC HSUPA using different TTI configurations per carrier.
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