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1 Introduction
In Rel-12 the maximum uplink transmission timing different between CGs is specified and used for dual connectivity uplink power control. But in the existing specification, a temporary value of [33]μs is still used, which would not be a reasonable value from RAN4 aspect. In this contribution, we would like to encourage the group to agree on a sound value and send the LS to RAN1/2.
2 Background
In RAN1#78bis meeting, the maximum uplink timing difference between signals to different serving cells belonging to different CGs was agreed as below and the corresponding LS [1] was sent to RAN4: 
---------------------------- RAN1 discussions -----------------------------

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

dc

T

_

1


-
The UE shall use the procedures described in sub clause 5.1.4.1.
---------------------------- RAN1 discussions -----------------------------

From the above information, we can observe that the RAN1 still needs the correct value of the threshold of maximum uplink timing difference between CGs to finalize the specification in Rel-12.
· Observation 1: RAN1 would need the exact value of the maximum uplink timing difference between CGs to finalize the specification in Rel-12.

In RAN4 there were a lot of discussions related to the uplink timing difference in Rel-13 DC enhancement WI. It was proposed to consider TDD FDD CA in one CG to calculate the maximum timing difference [2]. In other words, the additional time of NTA_offset for uplink-downlink frame timing for TDD should be taken into account on top of the FDD-FDD or TDD-TDD maximum uplink transmission timing difference.
· Observation 2: RAN4 is discussing the uplink timing differences between CGs by taking TDD FDD CA into account in Rel-13 DC enhancement, which would be different from that for Rel-12.
So RAN4 should inform RAN1/2 the proper value for maximum uplink transmission timing difference as soon as possible to help RAN1/2 finalize the specifications for DC in Rel-12 and RAN4 do not need wait for the conclusion on Rel-13 uplink timing difference between CGs.
· Proposal 1: RAN4 should agree on the maximum uplink transmission timing difference between CGs and send the LS to RAN1/2 to inform them that value as soon as possible.
3 Discussion and proposal
3.1 Maximum uplink transmission timing difference between CGs in Rel-12
The issue is to find a reasonable value for the “small overlap” given by RAN1. This value is the timing offset between the different CGs for uplink transmission. In the LS, RAN1 tentatively used the value which is given by RAN4 as the largest downlink receiving timing offset between CGs to define the “synchronous scenarios”. So this value should be revisited in RAN4. And in Rel-12 we only consider FDD-FDD or TDD-TDD DC and do not consider TDD-FDD CA.
There would be two ways to define this value:
· Option 1: Using the uplink transmission timing offset corresponding to the downlink “synchronization scenario”;

· Option 2: Using the offset which is aligned with the value used in the specification for Pcmax to define the uplink synchronized transmission.
Option 1: small overlap = 35.21μs
For the first one, we can calculate the values in the similar way as we did for CA TAG timing, which is referred to [2].
· Factors involved for calculation:

· Factor (1): Propagation delay difference → 30μs

· Factor (2): Initial transmission timing error → ±24Ts
· Factor (3): Uncertainty of the reception time in the UE downlink → ±10Ts
· Factor (4): eNB time alignment error (TAE) → 3μs

· UL time difference between CGs: (1) + 2×[(2) + (3)] + (4) = 35.21μs
Option 2: small overlap = 1 OFDM symbol (71.875μs)
In the endorsed CR [3], it was specified that:
If the UE is configured in Dual Connectivity and synchronized transmissions of the UE on subframe p for a serving cell in one CG overlaps some portion of the first symbol of the transmission on subframe q +1 for a different serving cell in the other CG, the UE minimum of PCMAX_L between subframes pairs (p, q) and (p+1, q +1) respectively applies for any overlapping portion of subframes (p, q) and (p +1, q+1). PPowerClass shall not be exceeded by the UE during any period of time.
From the above content in CR, we observe that the maximum overlap for uplink synchronized transmission is the length of the first OFDM symbol, i.e., 71.875μs.
So we propose that:

· Proposal 2: We have two options for the value of the maximum uplink transmission timing difference between CGS:

· Option 1:35.21μs
· Option 2: 1 OFDM symbol, i.e., 71.875μs
3.2 Case when the uplink transmission timing difference exceeds the threshold
In the previous meetings, how to handle the case when the uplink transmission timing difference between CGs exceeds the maximum value was discussed. A number of solutions with or with less specification impact were proposed, e.g., allowing UE to stop SCG transmission. Most of them are related to UE behaviour. However, BS may have no knowledge about why and when UE stop transmission. So in our view, in order to improve the system performance, more study would be needed to let the network have full knowledge about the UE behaviour.
4 Conclusion

In this contribution, we discuss the open issue on the maximum uplink transmission timing difference. We have the following proposals:

· Proposal 1: RAN4 should agree on the maximum uplink transmission timing difference between CGs and send the LS to RAN1/2 to inform them that value as soon as possible.
· Proposal 2: We have two options for the value of the maximum uplink transmission timing difference between CGS:

· Option 1:35.21μs
· Option 2: 1 OFDM symbol, i.e., 71.875μs
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