3GPP TSG-RAN WG4 Meeting #72Bis
R4-146134
Singapore, 6 – 10 Oct, 2014
Agenda Item:
7.6.3
Source: 
Alcatel-Lucent

Title: 
UE behavior after measurement gap in TDD-FDD CA
Document for:
Discussion

1 Introduction

In RAN4#72, a number of proposals were discussed for the UE behavior after measurement gap in TDD-FDD CA without final conclusion [1-3]. In this paper, we present a further analysis on this issue.
2 Discussion
2.1 Allowed UE Behavior after Measurement Gap
Let us start the discussion with 2DL/1UL TDD-FDD CA. There could be two combinations:

· Case 1: FDD PCell + 1 TDD DL SCell
· Case 2: TDD PCell + 1 FDD DL SCell 
Case 1 is a DL TDD SCell aggregated on the single carrier FDD system, and Case 2 is a DL FDD SCell aggregated on the single carrier TDD system.
For 2DL TDD-FDD CA, the UE is expected to have two separate Rx RF chains to support both FDD and TDD DL carriers. Due to the fact that current RRM inter-frequency RRM requirements are defined based on the assumption of single Rx RF chain, the UE needs only to use one Rx RF chain and thus has the freedom to use anyone of the two Rx RF chains for the inter-frequency measurements during measurement gap. Since the separate Rx RF chains are independent, the UE does not need to wait for the completion of receiving all subframes for all Rx chains before the start of the measurement gap. UE behavior after measurement gap in TDD-FDD CA will depend on which Rx chains is selected for the inter-frequency measurements.
If the UE selects the Rx RF chain corresponding to PCell carrier for the inter-frequency measurements during measurement gap, then 
· For Case 1, Rx RF chain for FDD carrier is used for inter-frequency measurement. In this case, the UE has to wait for the completion of receiving the last FDD DL subframe before the measurement gap in order to start the inter-frequency measurements. Thus, the uplink subframe immediately after the measurement gap needs to be dropped, since it would overlap with the last subframe of the measurement gap. 
· For Case 2, Rx RF chain for TDD carrier is selected for inter-frequency measurement. In this case, the UE does not have to wait for the completion of receiving the last FDD DL subframe before the measurement gap in order to start the inter-frequency measurements. If the TDD subframe occurring immediately before the measurement gap is an uplink subframe, then the uplink subframe occurring immediately after the measurement gap will not overlap with the last subframe of the measurement gap, and thereby may be used for uplink transmission.

On the other hand, if the UE selects the Rx RF chain corresponding to SCell carrier for the inter-frequency measurements during measurement gap, then with similar analysis, we have
· For Case 1, if the TDD subframe occurring immediately before the measurement gap is an uplink subframe, the uplink subframe occurring immediately after the measurement gap may be used for uplink transmission.

· For Case 2, the uplink subframe immediately after the measurement gap needs to be dropped.

Observation 1: For 2DL/1UL TDD-FDD C, if the Rx RF chain corresponding to PCell carrier for the inter-frequency measurements during measurement gap, then the UE behavior after measurement gap in TDD-FDD CA will depend on the PCell carrier mode. On the other hand, if the Rx RF chain corresponding to DL SCell carrier for the inter-frequency measurements during measurement gap, then the allowed UE behavior after measurement gap in TDD-FDD CA will depend on the DL SCell carrier mode.

If UE always select the Rx RF chain corresponding to FDD DL for the inter-frequency measurements during measurement gap regardless whether the PCell is FDD or TDD, then the UE behavior after measurement gap in TDD-FDD CA will depend on the FDD DL carrier, and the uplink subframe immediately after the measurement gap needs always to be dropped. 

If UE always select the Rx RF chain corresponding to TDD DL for the inter-frequency measurements during measurement gap regardless whether the PCell is FDD or TDD, then the UE behavior after measurement gap in TDD-FDD CA will depend on the TDD DL carrier.  If the TDD subframe occurring immediately before the measurement gap is an uplink subframe, then the uplink subframe occurring immediately after the measurement gap will not overlap with the last subframe of the measurement gap, and thereby may be used for uplink transmission.

Observation 2: For 2DL/1UL TDD-FDD C, UE may always select the Rx RF chain corresponding to FDD DL or TDD DL for the inter-frequency measurements during measurement gap regardless whether the PCell is FDD or TDD. In this case, the allowed UE behavior after measurement gap in TDD-FDD CA will depend on the selected DL carrier mode.

For 3DL/1UL TDD-FDD CA, there could be more combinations, e.g., 
1) FDD PCell + 2 TDD DL SCells

2) FDD PCell + 1 TDD DL SCell + 1 FDD DL SCell

3) TDD PCell + 2 FDD DL SCells

4) TDD PCell + 1 TDD DL SCell + 1 FDD DL SCell

In order to support 3 FDD/TDD DL carriers, the UE is expected to have three Rx RF chains. Again, due to the fact that current RRM inter-frequency RRM requirements are defined based on the assumption of single carrier, the UE has the implementation freedom to use anyone of the three Rx RF chains for the inter-frequency measurements during measurement gap. With the similar discussion as 2DL/1UL TDD-FDD CA, we can get the following observations mentioned above. 
2.2 Proposed Solution
The analysis in previous section shows the allowed UE behaviour for TDD-FDD CA depends on how the UE selects the DL Rx RF chain for inter-frequency measurements. 

From implementation point of view, it is undesirable not to change the UE behavior after measurement gap for a UL carrier based on the change of other carriers or CA configurations. It would be better to define the UE behavior after measurement gap based solely on each UL carrier type. In this way, both UE and eNB can follow the simple rule, the same as single carrier mode, to determine the UE behaviour for each UL carrier without need to check the mode of other carriers.

For example, if the UL carrier is TDD, the UE can use the Rx RF chain corresponding to TDD DL carrier for the inter-frequency measurements. If the UL carrier is FDD, the UE can use the Rx RF chain corresponding to FDD DL carrier for the inter-frequency measurements. 

Proposal: Define UE behaviour after measurement gap for each UL carrier based on the UL carrier type only for TDD-FDD CA. 

Note: The rule keeps the existing UE behaviours for single carrier mode, FDD CA, and TDD CA. It also makes the rule as well as implementation for TDD-FDD CA much simpler.
The following is the proposed changes to TS 36.133
In the uplink subframe occurring immediately after the measurement gap,

-
the E-UTRAN UE shall not transmit any data on any FDD carrier
-
the E-UTRAN UE shall not transmit any data on a TDD carrier if the subframe occurring immediately before the measurement gap is a downlink subframe for the TDD carrier. 

-
whether the E-UTRAN UE can transmit data or not on a TDD carrier is up to the UE implementation if the subframe occurring immediately before the measurement gap is an uplink subframe for the TDD carrier.

3 Summary 

In this paper, we provided a further analysis on the UE behavior after measurement gap in TDD-FDD CA with the following observation. 

Proposal: Define UE behaviour after measurement gap for each UL carrier separately based solely on the UL carrier type for TDD-FDD CA. 
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