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1 Introduction

In RAN1#78bis meeting, the maximum uplink timing difference between signals to different serving cells belonging to different CGs was agreed as below [1]: 
Agreements for UEs supporting only synchronized DC scenarios:
· If a UE supports only synchronized DC scenarios, it is not expected to be configured with dual connectivity if the received subframe boundary timing difference is more than [33us]. 

· When configured to operate dual-connectivity, the UE shall apply DC power control mode 1 as long as the maximum uplink timing difference between signals to different serving cells belonging to different CGs is equal to or less than [33us].

· Otherwise, similar handling as in MTA
Agreements:
· In dual-connectivity, for UEs with “Sync+Async” capability, the UE’s UL power control behavior is based on network signal

· If the network signals DC power control mode 1, 

· If the maximum uplink timing difference between signals to different serving cells including serving cells belonging to different CGs is equal to or less than [33us], a UE shall apply DC power control mode 1. 

· Otherwise, similar handling as in MTA

· Note: [33us] is a temporary value used by RAN1 for the discussion. The actual value is up to RAN4. 

· Otherwise, a UE shall always apply DC power control mode 2.

· The power handling of small overlap like [33usec] is up to RAN4

In RAN#66 meeting,[2] was agreed, where maximum uplink timing difference between signals to different serving cells belonging to different CGs is defined for DC as follows: 

5.1.4
Power allocation for dual connectivity

If a UE is configured with multiple cell groups, 

-
if the UE supports synchronous dual connectivity but does not support asynchronous dual connectivity, or if the UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher layer parameter DC-PowerControlMode indicates dual connectivity power control mode 1

-
if the maximum uplink timing difference between transmitted signals to different serving cells including serving cells belonging to different CGs is equal to or less than [image: image1.wmf]threshold
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The UE shall use the procedures described in sub clause 5.1.4.1.

In [3], maximum transmission timing difference in carrier aggregation as well as the UE behaviour when the time difference exceeds the maximum value is defined as follows: 
7.9
Maximum Transmission Timing Difference in Carrier Aggregation

7.9.1
Introduction

A UE shall be capable of handling a relative propagation delay difference between the PCell and SCell to be aggregated in inter-band non-contiguous CA. 

7.9.2
Minimum Requirements for Interband Carrier Aggregation

The UE shall be capable of handling at least a relative propagation delay difference between the signals received from the PCell and the SCell at the UE receiver of up to 30.26 µs.

The UE shall be capable of handling a maximum uplink transmission timing difference between the pTAG and the sTAG of at least 32.47µs provided that the UE is:

-
configured with inter-band CA and

-
configured with the pTAG and the sTAG,

A UE configured with pTAG and sTAG may stop transmitting on the SCell if after timing adjusting due to received TA command the uplink transmission timing difference between PCell and SCell exceeds the maximum value the UE can handle as specified above.

In this contribution we investigate UE behaviour in DC when the maximum uplink timing difference is larger than T_threshold.
2 Discussion
According to the agreement in RAN1, PCM1 was only defined when ‘the maximum uplink timing difference between signals to different serving cells belonging to different CGs is equal to or less than [33us]’. There are two options for UE behaviours when the maximum uplink timing difference is larger than [image: image2.wmf]threshold
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:
· Option 1, leaving the UE behaviour undefined in RAN1 specification. With this action, no change is needed to the RAN1 specification. No UE behaviour is defined in RAN4 specification either. Option 1 relies on UE implantation to handle this case.
· Pros.: Minimum specification impact
· Potential cons.: When such case occurs, the UE behaviour is unpredicted from the network side. 
· Option 2, adding the behaviour (in both RAN1 and RAN4 specifications) that UE may stop transmitting on SCG when the time difference is exceeded, and in RAN1 specification stating that the power control procedure on MCG is falling back to the case of CA. A text proposal is shown in the appendix for information.
· Pros: Clearly defined UE behaviour in both RAN1 and RAN4 specifications
· Cons: Additional specification impact

There was proposal to change the RAN1 agreement such that the PCM1 is applied also to the case when the maximum time difference is exceeded, by removing the sentence of the condition: if the maximum uplink timing difference between transmitted signals to different serving cells including serving cells belonging to different CGs is equal to or less than [image: image3.wmf]threshold
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. Since no error has been found in the agreement, it is considered that such change cannot be justified. 
In addition, it is questionable PCM1 can automatically work in the case when UE stops transmitting on SCG. For example, according to the current specification, UE would reserve power for SCG when there is scheduled transmission, even if the UE decides to stop transmitting on SCG.
Based on above analysis, we propose:
Proposal 1: Choose one of the following two options on the UE behaviours from RAN1 perspective when the maximum time difference is more than [33us], and when PCM1 is assumed or configured.

Option 1: leaving the UE behaviour undefined in RAN1 specification. 
Option 2: Specifying also in RAN1 that UE may stop transmitting on SCG when the time difference is more than [33us], and in RAN1 specification stating that the power control procedure on MCG is falling back to the case of CA.
3 Conclusions
In this contribution we investigated the UE behaviour with the maximum uplink timing difference. Based on the analysis we have the following proposal:

Proposal: Choose one of the following two options on the UE behaviours from RAN1 perspective when the maximum time difference is more than [33us], and when PCM1 is assumed or configured
Option 1: leaving the UE behaviour undefined in RAN1 specification. 
Option 2: Specifying also in RAN1 that UE may stop transmitting on SCG when the time difference is more than [33us], and in RAN1 specification stating that the power control procedure on MCG is falling back to the case of CA.
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5
Power control
5.1.4
Power allocation for dual connectivity

If a UE is configured with multiple cell groups, 

-
if the UE supports synchronous dual connectivity but does not support asynchronous dual connectivity, or if the UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher layer parameter DC-PowerControlMode indicates dual connectivity power control mode 1

-
if the maximum uplink timing difference between transmitted signals to different serving cells including serving cells belonging to different CGs is equal to or less than [image: image4.wmf]threshold
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-
The UE shall use the procedures described in sub clause 5.1.4.1.

-
If a PRACH transmission of the UE on the Pcell starting in subframe [image: image5.wmf]1
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of MCG overlaps in time domain with another PRACH transmission of the UE starting in subframe [image: image6.wmf]2
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 of SCG, and if subframe [image: image7.wmf]1
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 overlap in time with more than one symbol, and if the total power of both the PRACH transmissions would exceed [image: image9.wmf])
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, the UE shall transmit the PRACH on the Pcell using the preamble transmission power [image: image10.wmf]PRACH
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described in subclause 6.1. The UE may drop or adjust the power of the PRACH transmission in subframe [image: image11.wmf]2
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 of SCG such that the total power does not exceed [image: image12.wmf])
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is the linear value configured transmitted power for Dual Connectivity for the subframe pair [image: image14.wmf](
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as described in [6].  If the UE drops the PRACH transmission, it sends power ramping suspension indicator to the higher layers. If the UE adjusts the power of PRACH transmission, it may send power ramping suspension indicator to the higher layers.
-
Otherwise, the UE may stop transmitting on SCG in subframe [image: image15.wmf]2
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and use the procedures described in subclause 5.1.1, 5.1.2, and 5.1.3 on MCG in subframe [image: image16.wmf]1
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-
if the UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher layer parameter DC-PowerControlMode does not indicate dual connectivity power control mode 1
-
The UE shall use the procedures described in sub clause 5.1.4.2 .

-
If a PRACH transmission on the Pcell in subframe [image: image17.wmf]1
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of MCG overlaps in time another PRACH transmission in subframe [image: image18.wmf]2
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of SCG, and if the time difference between the start of the two PRACH transmissions is less than [image: image19.wmf]s
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, and if the transmission timing of the PRACH on the Pcell (according to subclause 6.1.1) is such that the UE is ready to transmit the PRACH on Pcell at least one subframe before subframe [image: image20.wmf]1
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of MCG, and if the total power of both the PRACH transmissions exceeds [image: image21.wmf])
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, the UE shall transmit the PRACH on the Pcell using the preamble transmission power PPRACH described in subclause 6.1. The UE may drop or adjust the power of the PRACH transmission in subframe [image: image22.wmf]2
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 of SCG such that the total power does not exceed [image: image23.wmf])
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is the linear value configured transmitted power for Dual Connectivity for the subframe pair [image: image25.wmf](
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as described in [6].  If the UE drops the PRACH transmissions, it sends power ramping suspension indicator to the higher layers. If the UE adjusts the power of PRACH transmission, it may send power ramping suspension indicator to the higher layers.
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