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1 Introduction

Requirements for UE in asynchronous dual connectivity (DC) operation on minimum number of reported ACK/NACKs during CGI acquisition from neighbour cell were analysed and discussed in previous meetings since RAN4#74bis. In the meeting we provided extensive analysis in our contribution in [1] and also a draft CR in [2]. 
In this contribution we provided summary of requirements based on our detailed analysis in [1] and also the final CR is provided in [3].
2 Requirements for Synchronous DC Operation

The CGI requirements are expressed in terms of CGI delay and minimum number of ACK/NACK transmitted in UL in response to DL scheduling. 

For synchronous DC the required number of autonomous gaps is the same as in legacy CGI requirements as described in [1]. Furthermore the autonomous gaps are also aligned on both MCG and SCG. This means the minimum number of ACK/NACK on both MCG and SCG in case of synchronous DC is the same as in the legacy requirements e.g. 60 A/N for FDD.

The synchronous DC is applicable to both FDD and TDD. Therefore the CGI requirements under synchronous DC are defined for both TDD and FDD.

3 Requirements for Asynchronous DC Operation
In unsynchronized DC operation the time difference between subframe borders of PCell and PSCell can be anything within ±500us, compared to the ±33us for synchronous operation. Therefore, when carrying out CGI acquisition using autonomous gaps, the allowed gap lengths may have to be extended by one subframe for MCG or the SCG(s). As suggested in [1] that the gap length should be extended in SCG while in MCG it should be kept the same as in the legacy requirements. This means the existing minimum number of ACK/NACK is needed for MCG. However in case of SCG the minimum number of ACK/NACK have to be reduced. According to the analysis provided in [1], the ACK/NACK on SCG will be 49 for FDD.  
The asynchronous DC is applicable to only FDD. Therefore the CGI requirements under asynchronous DC are defined only when MCG and SCG are FDD.

4 Conclusions
The requirements on CGI reading of neighbour cell using autonomous gaps in DC was extensively analysed in [1] and based on this the following is the summary of proposals:

Proposal 1: The core requirements on ACK/NACK reporting for measurements in autonomous gaps shall, for a UE operating in synchronous DC and for each carrier in MCG and SCG, be the same as in legacy releases.

Proposal 2: For DC carrier combinations where one or more of the carriers are using TDD mode, only core requirements on synchronous DC shall apply.

Proposal 3: For DC carrier combinations where all carriers are using FDD mode and are operating in asynchronous DC mode, the core requirements shall be based on legacy requirements for cell(s) belonging to MCG as to prioritize the carrier onto which RRC signalling is routed, and on relaxed requirements with respect to legacy for cell(s) belonging to the SCG.

Proposal 4: Core requirements for asynchronous DC operation shall assume that for cells belonging to MCG, at least 60 ACK/NACKs are to be transmitted, and for cell(s) belonging to SCG: at least 49 ACK/NACKs during the CGI acquisition.

A CR on TS 36.133 capturing the above proposals is provided in [3], and is also attached in the appendix.
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APPENDIX: Draft CR for TS 36.133 V13.0.0

Added sections below

8.8.5      Intra-frequency measurements with autonomous gaps

8.8.5.1 
Identification of a new CGI of E-UTRA cell with autonomous gaps
No explicit neighbour list is provided to the UE for identifying a new CGI of E-UTRA cell. The UE shall identify and report the CGI when requested by the network for the purpose ‘reportCGI’. The UE may make autonomous gaps in both MCG and SCG in downlink reception and uplink transmission for receiving MIB and SIB1 messages according to clause 5.5.3.1 of TS 36.331 [2]. Note that a UE is not required to use autonomous gap if si-RequestForHO is set to false. If autonomous gaps are used for measurement with the purpose of ‘reportCGI’, regardless of whether DRX is used or whether the SCell is configured, the UE shall be able to identify a new CGI of E-UTRA cell within:
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Tbasic_identify_CGI, intra = 150 ms. This is the time period used in the above equation where the maximum allowed time for the UE to identify a new CGI of an E-UTRA cell is defined, provided that the E-UTRA cell has been already identified by the UE.
A cell shall be considered identifiable following conditions are fulfilled:

-
RSRP related side conditions given in Clause 9.1 are fulfilled for a corresponding Band,

-
SCH_RP and SCH Ês/Iot according to Annex B.2.2 for a corresponding Band
The MIB of an E-UTRA cell whose CGI is identified shall be considered decodable by the UE provided that the PBCH demodulation requirements in [5] are met.
The requirement for identifying a new CGI of an E-UTRA cell within Tbasic_identify_CGI,.intra is applicable when no DRX is used as well as when any of the DRX cycles specified in TS 36.331 [2] is used.

Within the time 
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ms, over which the UE identifies the CGI of a new E-UTRA cell, the UE shall transmit at least a minimum number of ACK/NACKs on cells in MCG and SCG, respectively, as specified in Table 8.8.5.1-1. The requirement depends on duplex mode, dual connectivity mode of operation, and whether a cell belongs to MCG or SCG, and is further conditioned on:

-
there is continuous DL data allocation,

-
no DRX cycle is used,
-
no measurement gaps are configured, 
-
only one code word is transmitted in each subframe,

-
no MBSFN subframes are configured.

Table 8.8.5.1-1:  Requirement on minimum number of ACK/NACKs to transmit during 
Tidentify_CGI, intra.
	Serving cell configuration
	Minimum number of transmitted ACK/NACKs

	
	Synchronous operation
	Asynchronous operation

	
	MCG
	SCG
	MCG
	SCG

	FDD
	60
	60
	49

	TDD UL/DL configuration 0
	18
	N/A
	N/A

	TDD UL/DL configuration 1
	35
	N/A
	N/A

	TDD UL/DL configuration 2
	43
	N/A
	N/A

	TDD UL/DL configuration 3
	36
	N/A
	N/A

	TDD UL/DL configuration 4
	39
	N/A
	N/A

	TDD UL/DL configuration 5
	42
	N/A
	N/A

	TDD UL/DL configuration 6
	30
	N/A
	N/A


8.8.5.2
ECGI Reporting Delay

The ECGI reporting delay occurs due to the delay uncertainty when inserting the ECGI measurement report to the TTI of the uplink DCCH. The delay uncertainty is twice the TTI of the uplink DCCH. In case DRX is used, the ECGI reporting may be delayed until the next DRX cycle. If IDC autonomous denial is configured, an additional delay can be expected.

8.8.6      
Inter-frequency measurements with autonomous gaps

8.8.6.1   
Identification of a new CGI of E-UTRA cell with autonomous gaps
No explicit neighbour list is provided to the UE for identifying a new CGI of E-UTRA cell. The UE shall identify and report the CGI when requested by the network for the purpose ‘reportCGI’. The UE may make autonomous gaps in both MCG and SCG in downlink reception and uplink transmission for receiving MIB and SIB1 messages according to clause 5.5.3.1 of TS 36.331 [2]. Note that a UE is not required to use autonomous gap if si-RequestForHO is set to false. If autonomous gaps are used for measurement with the purpose of ‘reportCGI’, regardless of whether DRX is used or whether the SCell is configured, the UE shall be able to identify a new CGI of E-UTRA cell within:
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Tbasic_identify_CGI, inter = 150 ms. This is the time period used in the above equation where the maximum allowed time for the UE to identify a new CGI of an E-UTRA cell is defined, provided that the E-UTRA cell has been already identified by the UE.
A cell shall be considered identifiable following conditions are fulfilled:

-
RSRP related side conditions given in Clause 9.1 are fulfilled for a corresponding Band,

-
SCH_RP and SCH Ês/Iot according to Annex B.2.2 for a corresponding Band
The MIB of an E-UTRA cell whose CGI is identified shall be considered decodable by the UE provided that the PBCH demodulation requirements in [5] are met.
The requirement for identifying a new CGI of an E-UTRA cell within Tbasic_identify_CGI,.inter is applicable when no DRX is used as well as when any of the DRX cycles specified in TS 36.331 [2] is used.

Within the time Tidentify_CGI,inter ms, over which the UE identifies the CGI of a new E-UTRA cell, the UE shall transmit at least a minimum number of ACK/NACKs on cells in MCG and SCG, respectively, as specified in Table 8.8.6.1-1. The requirement depends on duplex mode, dual connectivity mode of operation, and whether a cell belongs to MCG or SCG, and is further conditioned on:

-
there is continuous DL data allocation,

-
no DRX cycle is used,
-
no measurement gaps are configured, 
-
only one code word is transmitted in each subframe,

-
no MBSFN subframes are configured.

Table 8.8.6.1-1:  Requirement on minimum number of ACK/NACKs to transmit during 
Tidentify_CGI, inter.
	Serving cell configuration
	Minimum number of transmitted ACK/NACKs

	
	Synchronous operation
	Asynchronous operation

	
	MCG
	SCG
	MCG
	SCG

	FDD
	60
	60
	49

	TDD UL/DL configuration 0
	18
	N/A
	N/A

	TDD UL/DL configuration 1
	30
	N/A
	N/A

	Note 1: The requirements for other TDD UL/DL configurations are TBD.


8.8.5.2
ECGI Reporting Delay

The ECGI reporting delay occurs due to the delay uncertainty when inserting the ECGI measurement report to the TTI of the uplink DCCH. The delay uncertainty is twice the TTI of the uplink DCCH. In case DRX is used, the ECGI reporting may be delayed until the next DRX cycle. If IDC autonomous denial is configured, an additional delay can be expected.
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