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1. Introduction
The core part of the DC enhancement WI was closed in the last RAN plenary meeting. In the WI, the following new features were specified in TS36.133 [1].

· SSTD measurement report.

· Maximum uplink transmission time difference.

· E-UTRAN CGI requirements.

· 3DL CC Dual Connectivity

The remaining work is developing performance requirements in order to ensure the correct behaviour of Rel-13 DC capable UEs. In this contribution, according to a proposed work plan [2], we focus on the maximum uplink transmission timing difference and discuss test requirements for it. Note that we discuss test requirements for other features in [3, 4].

2. Discussion

In Rel-12 DC WI, minimum requirements for the maximum DL timing difference between PCell and PSCell were introduced and in Rel-13 DC enhancement WI, minimum requirements for the maximum UL timing difference between PCell and PSCell were introduced. If a UE supports the synchronous DC only, the UE shall be capable to transmit UL signals on PSCell unless the UL timing difference exceeds 35.21us. On the other hand, if a UE supports both synchronous and asynchronous DC and is configured with powerControlMode<2>, the UE shall be capable to transmit UL signals even if the UL timing difference exceeds 500us. Since new UE behavior is specified in Rel-13 TS36.133, the appropriate UE behavior should be ensured by test requirements.
Proposal 1: Appropriate UE behaviors related to the maximum UL timing difference should be ensured by test requirements.
Before discussing test requirements for the maximum UL timing difference, we review test requirements for the maximum DL timing difference specified in Rel-12. As you know, in the current TS36.133, there are 12 and 6 RRM test cases for synchronous DC and asynchronous DC, respectively, whose DL timing difference is 33us and 500us, respectively. Although 33us and 500us are equal to the maximum DL timing difference for synchronous DC and asynchronous DC respectively, there are no test cases in which a UE continuously receives DL signals on PSCell. This means that the existing RRM test cases for DC do not verify the requirement for the maximum DL timing difference. 
Observation 1: There are no RRM test cases verifying the correct UE behavior related to the maximum DL timing difference for DC in the current TS36.133.
Instead of the RRM test cases, demodulation test cases for DC specified in TS36.101 verify the requirement. In Table 1, we summarize DL timing difference between PCell and PSCell (or SCell) assumed in the demodulation test cases. Table 1 shows that since the DL timing difference of some test cases for asynchronous DC is equal to the maximum DL timing difference (i.e. 500us), the demodulation tests can verify the requirements of the maximum DL timing difference. On the other hand, although there are no test cases for synchronous DC whose DL timing difference is 33us, there are some test cases for CA whose DL timing difference is 30us. Since UE behavior of synchronous DC would be similar to that of CA from DL timing difference’s point of view, and 30us is close to the maximum DL timing difference for synchronous DC (i.e. 33us), the demodulation test cases for CA would indirectly verify the requirement of the maximum DL timing difference for synchronous DC.
Observation 2: Existing demodulation tests would be able to indirectly verify the correct UE behavior related to the maximum DL timing difference for synchronous DC.
Observation 3: Existing demodulation tests are to verify the correct UE behavior related to the maximum DL timing difference for asynchronous DC.
Table 1: DL timing difference assumed in demodulation test cases specified in TS36.101.
	
	CA
	Synchronous DC
	Asynchronous DC

	DL timing difference between PCell and PSCell (SCell)
	0us or 30us
	0us
	333us or 500us

	DL signals on PSCell (SCell)
	YES
	YES
	YES

	UL signals on PSCell (SCell)
	No
	YES
	YES


Next, we discuss test requirements for the maximum UL timing difference. We consider two possible options, i.e. RRM test cases and demodulation test cases. 
First, we focus on RRM test cases. The simplest way is to specify new RRM test cases just for verifying the requirement of the UL timing difference. Another way is to reuse the exiting RRM test cases.  As we discussed earlier, the maximum DL timing difference for the existing RRM tests is 33us and 500us for synchronous DC and asynchronous DC, respectively. Since UL timing difference can be derived from DL timing difference, we can say that the maximum UL timing difference assumed in the existing RRM tests is 35.21us and 500us for synchronous DC and asynchronous DC, respectively. This means that if UL signals on PSCell are continuously transmitted during the test procedure, the test cases can verify the correct UE behavior related to the maximum UL timing difference for DC. PSCell addition/release test cases specified in section A.8.23.7, A.8.23.8, and A.8.23.9 satisfy the above conditions. In the PSCell addition/release test cases, UE needs to periodically report CSI on PSCell during T4 as below:
	TS36.133 A.8.23.7.1 Test Purpose and Environment
...

The test system shall observe the periodic reporting of CSI for PSCell during T4. The point in time at which the UE has sent PRACH to the PSCell (Cell 2) defines the start of time period T4.
...


Thus, the existing PSCell addition/release test cases can verify the correct UE behavior of the maximum UL timing difference for DC without additional test procedures. Note that, if we use the PSCell addition/release test cases, it is better to clarify their test purpose and test requirements. Since continuous transmission on PSCell is not clearly described in the test requirements, at least the test requirements should be clarified as below:

	TS36.133 A.8.23.7.2 Test Requirements 
...

The UE shall send at least one CSI report for PSCell with non-zero CQI index during T4. The UE shall periodically send CSI reports for PSCell after the UE has sent first CQI report with non-zero CQI index during T4
...


Observation 4: Existing PSCell addition/release test cases can verify the correct UE behavior related to the Maximum UL timing difference for both synchronous DC and asynchronous DC.
Observation 5: If RAN4 use the existing PSCell addition/release test cases, clarification in the test requirements are needed.

Next we focus on the same approach as the maximum DL timing difference, i.e. demodulation test cases. When a UE is configured with DC, HARQ ACK/NACK feedback for PDSCH on PSCell is carried on PSCell. Since in the demodulation tests PDSCH is continuously scheduled in both PCell and PSCell, the UE continuously transmits HARQ ACK/NACK feedback not only on PCell but also on PSCell. As we can see in table 1, the maximum DL timing difference of the demodulation tests for asynchronous DC is 500us, which means the UL timing difference is 500us. We, therefore, can say that the existing demodulation tests are to verify the correct UE behavior related to the maximum UL timing difference for asynchronous DC. On the other hand, the maximum DL timing difference assumed in the demodulation tests for synchronous DC is 0us and UL transmission on SCell is not assumed in the current demodulation tests for CA. Thus the existing demodulation tests cannot verify the correct UE behavior related to the maximum UL timing difference for synchronous DC. If we verify the correct UE behavior in demodulation tests, then we need to introduce additional demodulation tests. 
Observation 6: Existing demodulation tests are NOT enough to verify the correct UE behavior related to the maximum UL timing difference for synchronous DC.

Observation 7: Existing demodulation tests are to verify the correct UE behavior related to the maximum UL timing difference for asynchronous DC.

Based on the above analysis, we propose three possible options to verify the appropriate UE behavior related to the maximum UL timing difference. Our preference is the option 2 because the correct UE behavior can be ensured without additional test cases.

Observation 8: There are three possible options to specify test requirements for the maximum UL timing difference.

Option 1: To specify the new RRM test case

Option 2: To reuse the PSCell addition/release RRM test case with some clarification

Option 3: To specify the new demodulation test case

Proposal 2: For the maximum UL timing difference requirements, RAN4 should agree Option 2 in observation 8.
3. Test list for maximum uplink transmission difference 

Based on the analysis in previous sections, we propose to introduce test cases listed in table 2 for maximum uplink transmission difference.

Proposal 3: To introduce test cases listed in table 2 for maximum uplink transmission difference.
Table 2: Test cases for maximum uplink transmission time difference
	
	Corresponding requirements
	Type of test case

	1
	7.17
Maximum Transmission Timing Difference in Dual Connectivity
	E-UTRAN FDD-FDD DC maximum uplink timing difference in synchronous DC

Note: reuse the existing PSCell addition/release test case specified in A.8.23.7 with some clarification of test requirements.

	2
	7.17
Maximum Transmission Timing Difference in Dual Connectivity
	E-UTRAN TDD-TDD DC maximum uplink timing difference in synchronous DC

Note: reuse the existing PSCell addition/release test case specified in A.8.23.9 with some clarification of test requirements.

	3
	7.17
Maximum Transmission Timing Difference in Dual Connectivity
	E-UTRAN FDD-FDD DC maximum uplink timing difference in asynchronous DC

Note: reuse the existing PSCell addition/release test case specified in A.8.23.8 with some clarification of test requirements.


4. Conclusion
In this contribution, we focused on the maximum uplink transmission timing difference and discuss the test requirements. First we reviewed the test cases for the maximum DL timing difference. Our observations are as below;
Observation 1: There are no RRM test cases verifying the correct UE behavior related to the maximum DL timing difference for DC in the current TS36.133.
Observation 2: Existing demodulation tests would be able to indirectly verify the correct UE behavior related to the maximum DL timing difference for synchronous DC.
Observation 3: Existing demodulation tests are to verify the correct UE behavior related to the maximum DL timing difference for asynchronous DC.
Second, we discussed the test cases for the maximum UL timing difference. Our observations are as below;

Observation 4: Existing PSCell addition/release test cases can verify the correct UE behavior related to the Maximum UL timing difference for both synchronous DC and asynchronous DC.

Observation 5: If RAN4 use the existing PSCell addition/release test cases, clarification in the test requirements are needed.

Observation 6: Existing demodulation tests are NOT enough to verify the correct UE behavior related to the maximum UL timing difference for synchronous DC.

Observation 7: Existing demodulation tests are to verify the correct UE behavior related to the maximum UL timing difference for asynchronous DC.

In conclusion of the analyses, we proposed that; 
Proposal 1: Appropriate UE behaviors related to the maximum UL timing difference should be ensured by test requirements.

Observation 8: There are three possible options to specify test requirements for the maximum UL timing difference.

Option 1: To specify the new RRM test case

Option 2: To reuse the PSCell addition/release RRM test case with some clarification

Option 3: To specify the new demodulation test case

Proposal 2: For the maximum UL timing difference requirements, RAN4 should agree Option 2 in observation 8.

Proposal 3: To introduce test cases listed in table 2 for maximum uplink transmission difference.

Table 2: Test cases for maximum uplink transmission time difference
	
	Corresponding requirements
	Type of test case

	1
	7.17
Maximum Transmission Timing Difference in Dual Connectivity
	E-UTRAN FDD-FDD DC maximum uplink timing difference in synchronous DC

Note: reuse the existing PSCell addition/release test case specified in A.8.23.7 with some clarification of test requirements.

	2
	7.17
Maximum Transmission Timing Difference in Dual Connectivity
	E-UTRAN TDD-TDD DC maximum uplink timing difference in synchronous DC

Note: reuse the existing PSCell addition/release test case specified in A.8.23.9 with some clarification of test requirements.

	3
	7.17
Maximum Transmission Timing Difference in Dual Connectivity
	E-UTRAN FDD-FDD DC maximum uplink timing difference in asynchronous DC

Note: reuse the existing PSCell addition/release test case specified in A.8.23.8 with some clarification of test requirements.
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