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1 Introduction

Existing requirements on reported ACK/NACKs during acquisition of CGI of neighbour cell in autonomous gaps are based on that frame timing is synchronized for all serving cells. Hence the existing requirements are applicable for single carrier as well as for carrier aggregation and Dual Connectivity in synchronized operation. However for Dual Connectivity in unsynchronized operation there might be need for a modification of the requirements since while puncturing one connection (e.g. to the MeNB) the mis-alignment may call for one more subframe being punctured for the other connection (e.g. SeNB).

In this contribution we analyse the problem and propose updates to the core requirements to take also Dual Connectivity in unsynchronized operation into account.    

2 Analysis

2.1 Dual Connectivity and frame alignment

In dual connectivity the UE is connected to two eNodeBs simultaneously; MeNB and SeNB. Each of them may have one or more associated SCells which may be configured for DL, or DL and UL CA operation. The SCells are time-aligned to the MeNB and SeNB, respectively, but the MeNB and SeNB may or may not be time aligned with respect to frame timing and/or SFN. Two modes of operation are defined:

· Synchronized operation, where the downlink frame time difference between PCell and PSCell is within ±33us, and

· Unsynchronized operation, where the time difference between subframe borders of PCell and PSCell is within ±500us.

The UE is expected to signal whether it supports synchronized or unsynchronized dual connectivity.

2.2 Measurements in autonomous gaps – Legacy UE
When the UE is ordered by the eNodeB to acquire CGI from a neighbour cell with purpose “handover” it is allowed to create autonomous gaps for acquisition of MIB and SIB1 provided that a minimum number of ACK/NACKs are transmitted during the time within which the UE is supposed to report CGI to the eNodeB. In case the target cell is EUTRAN the allowed time is 150ms from reception of RRC message until the CGI is reported, and for the FDD duplex mode, the number of ACK/NACKs to report when the UE is continuously scheduled during those 150ms shall be at least 60 [1]. The RRC procedure delay constitutes 15ms of the 150ms, and the rest is to be used by the UE for the actual CGI acquisition.

When then UE first tunes in to the target carrier it has to do gain search (AGC) before it can start receiving the MIB.  Moreover after having adjusted the gain, the UE may have to adjust the frequency tuning (AFC) since a large deviation from the DL carrier frequency of the target cell may reduce the chances of successfully decoding the MIB, and later SIB1, significantly. In the preparation of the core requirement it was assumed that up to 5ms were needed for AGC and AFC before addressing the MIB. The figure is based on that the UE has no information on MBSFN configuration in the target cell, and hence for FDD only can assume that subframes 0, 4, 5 and 9 can be used for AGC and AFC.

When reading the MIB it is enough to consider soft combining of up to 3 PBCH blocks from the same 40ms period for the propagation conditions of interest. Since the SFN is unknown at the point in time when the UE starts acquiring the MIB, the UE may have to collect up to 5 blocks before it manages to decode the MIB.

The MIB can be read using a DL bandwidth of 1.4MHz. Once the MIB has been found, the UE gets information on the DL system bandwidth, and in case the bandwidth is being larger than 1.4MHz (or other than assumed when reading MIB), the UE has to retune its receiver to the DL system bandwidth used in the cell. After the retuning, a new gain search may be called for since now the radio is receiving over a wider spectrum and the characteristics may differ from the central 1.4 MHz. Hence the UE needs to do a new gain search (AGC), and here, too, a gap of 5ms can be assumed. After this point it can start addressing SIB1, whose starting position is known since SFN has been acquired in the previous step. It is assumed that for decoding of SIB1 soft combining of up to 4 redundancy versions are needed for 1% BLER.

Each gap where the UE is tuning in to the target cell can be assumed to be 4ms to account for time misalignment between the source and the target cell, and to allow for radio switching back and forth between the target carrier and the source carrier(s). 
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Figure 1: Illustration of one UE implementation for acquisition of CGI from neighbor cell, when connected to a FDD serving cell.
It is up to the UE implementation to decide how to secure that at least 60 ACK/NACKs can be sent per carrier during the CGI acquisition for E-UTRA FDD. For E-UTRA TDD the minimum number of ACK/NACKs is dependent on UL/DL subframe configuration. One example is illustrated in Figure 1 where the AGC/AFC gaps are concatenated with the gap for reception of the first block or redundancy version, thus resulting in initial gaps of 9ms.

For each gap of length X subframes, X+4 ACK/NACKs will be lost since the feedback for the four subframes immediately before the gap cannot be transmitted. Hence for the UE implementation above in E-UTRA FDD, it results in that the ACK/NACKs sent during 150ms are: 150-2x(9+4) -7x(4+4) = 68. We refer to this as exemplary CGI reading pattern1. 
Other UE implementations may have different number of ACK/NACKs, which is fine as long as the number is larger than or equal to 60. For instance, if separating the AGC/AFC from the first addressed block or redundancy version, there will be two gaps of length 5 and 8 gaps of length 4 instead. This results in that for E-UTRA FDD during 150ms, 150-2x(5+4)-9x(4+4) = 60 ACK/NACKs. We refer to this as exemplary CGI reading patterns2 and 3, depending on where between the MIB acquisition and the SIB1 acquisition the gap for bandwidth retuning and AGC is placed. It is our opinion that these three exemplary patterns are the most reasonable to use and therefore most likely to be found in UE implementations. We have summarized the minimum number of ACK/NACKs transmitted during a neighbour cell CGI acquisition, when taking into account the possible time shifts between source and target cells, in Table 1 below. We will use this as baseline when analysing the corresponding impact for a UE operating in dual connectivity. 
Table 1: Minimum number of transmitted ACK/NACKs for legacy UE during acquisition of neighbor cell CGI using autonomous gaps.

	Legacy CGI acquisition in autonomous gaps

TS 36.133 clauses 8.1.2.2.3, 8.1.2.2.4, 8.1.2.3.5, 8.1.2.3.6, 8.1.2.3.7, 8.1.2.3.8  

Subframe patterns indicate presence of gap in the source cell by (1) and absence by (0).
	Minimum number of A/Ns

per configuration

	
	FDD
	TDD #0
	TDD #1
	TDD #2
	TDD #3
	TDD #4
	TDD #5
	TDD #6

	Existing minimum requirement
	60
	18
	35
	43
	36
	39
	42
	30

	Exemplary pattern 1
	Subframe 0:9
	
	

	AGC is carried out immediately before the MIB acquisition.
Bandwidth reconfiguration and AGC is carried out immediately before SIB1 acquisition.
	0 0 0 0 0 1 1 1 1 1
1 1 1 1 0 0 0 0 0 0
1 1 1 1 0 0 0 0 0 0
1 1 1 1 0 0 0 0 0 0
1 1 1 1 0 0 0 0 0 0
1 1 1 1 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1 1 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 1 1 1 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 1 1 1 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 1 1 1 0
0 0 0 0 0 0 0 0 0 0
	Radio frame 0:14
	68
	20
	37
	47
	43
	47
	51
	32

	Exemplary pattern 2
	Subframe 0:9
	
	

	AGC is carried out about one subframe before the MIB acquisition.
Bandwidth reconfiguration and AGC is carried out after MIB acquisition. 
	1 1 1 1 1 0 0 0 0 0
0 1 1 1 1 0 0 0 0 0
0 1 1 1 1 0 0 0 0 0
0 1 1 1 1 0 0 0 0 0
0 1 1 1 1 0 0 0 0 0
0 1 1 1 1 0 0 0 0 0
1 1 1 1 1 0 0 0 0 0
0 0 0 0 0 0 1 1 1 1
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1 1 1
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1 1 1
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1 1 1
0 0 0 0 0 0 0 0 0 0
	Radio frame 0:14
	60
	16
	33
	41
	38
	45
	52
	29

	Exemplary pattern 3
	Subframe 0:9
	
	

	AGC is carried out about one subframe before the MIB acquisition.

Bandwidth reconfiguration and AGC is carried out one subframe before the SIB1 acquisition.
	1 1 1 1 1 0 0 0 0 0
0 1 1 1 1 0 0 0 0 0
0 1 1 1 1 0 0 0 0 0
0 1 1 1 1 0 0 0 0 0
0 1 1 1 1 0 0 0 0 0
0 1 1 1 1 0 0 0 0 0
0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 1 1 1 1
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1 1 1
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1 1 1
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1 1 1
0 0 0 0 0 0 0 0 0 0
	Radio frame 0:14
	60
	16
	33
	41
	41
	47
	53
	29


One observation is that for TDD configurations 3, 4, and 5 there is an unjustified margin between achievable ACK/NACKs and the minimum requirements. It is suggested that RAN4 looks in to whether the requirements can be tightened for the concerned configurations.

Observation 1: Legacy requirements have too large margin between minimum requirements and achievable number of transmitted ACK/NACKs for TDD configurations 3, 4, and 5.

2.3 Autonomous gaps in synchronous Dual Connectivity

In synchronous DC all cell groups have the same timing to within ±33us hence gaps applied for one cell group also fits the other cell group(s) without modification. Hence the requirements defined for legacy UEs can be applied for this case, too. Hence we propose the following: 

Proposal 1: For synchronous DC in E-UTRA FDD, the existing minimum number of ACK/NACKs defined for FDD intra-frequency CGI reading requirements shall apply for each CG i.e. for MCG and SCG. 
Proposal 2: For synchronous DC in E-UTRA TDD, the existing minimum number of ACK/NACKs defined for TDD intra-frequency CGI reading requirements shall apply for each CG i.e. for MCG and SCG. 
2.4 Autonomous gaps in asynchronous Dual Connectivity
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Figure 2: Puncturing of unsynchronized Cell groups X and Y (CGx and CGy, respectively) due to autonomous gaps for CGI acquisition in target cell. Source cell is FDD.
In Dual Connectivity with unsynchronized MeNB and SeNB, the cell groups under each respective base station (MCG and SCG, respectively) are synchronized, but there is no synchronization between the groups. Hence the offset for subframe borders may be up to a full slot. In order to allow sufficient time on the target carrier and radio switching back and forth the autonomous gap has to be extended by one subframe for one of the cell groups, see Figure 2.

The impact on a UE implementation that is using either of the exemplary CGI reading patterns is that for the cell group (MCG or SCG) where the gaps are extended, there will be for E-UTRA FDD:

· 150-2x(9+1+4) -7x(4+1+4) = 59 ACK/NACKs for exemplary pattern 1, and  


· 150-2x(5+1+4)-9x(4+1+4) = 49 ACK/NACKs for exemplary pattern 2.
The biggest reduction is for a UE implementation using exemplary gap pattern 2, where the number of transmitted ACK/NACKs decreases from 60 to 49 when the gaps are extended.
We have summarized the minimum number of ACK/NACKs transmitted during a neighbour cell CGI acquisition for a cell group where the gaps are extended by one subframe in Table 2 below.

Table 2: Achievable ACK/NACK count for exemplary CGI reading patterns that have been extended by one subframe per gap, and proposed minimum requirements.
	DC operation and CGI acquisition in autonomous gaps, for either MCG or SCG. The other cell group shall fulfil legacy requirements.
Subframe patterns indicate presence of gap in the source cell by (1) and absence by (0).
	Minimum number of A/Ns

per configuration

	
	FDD
	TDD #0
	TDD #1
	TDD #2
	TDD #3
	TDD #4
	TDD #5
	TDD #6

	Proposed minimum requirements
	49
	16
	24
	35
	30
	38
	42
	21

	Exemplary pattern DC1
	Subframe 0:9
	
	

	AGC is carried out immediately before the MIB acquisition.

Bandwidth reconfiguration and AGC is carried out immediately before SIB1 acquisition.
	0 0 0 0 0 1 1 1 1 1
1 1 1 1 1 0 0 0 0 0
1 1 1 1 1 0 0 0 0 0
1 1 1 1 1 0 0 0 0 0
1 1 1 1 1 0 0 0 0 0
1 1 1 1 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0
	Radio frame 0:14
	59
	20
	30
	40
	34
	38
	42
	25

	Exemplary pattern DC2
	Subframe 0:9
	
	

	AGC is carried out about one subframe before the MIB acquisition.

Bandwidth reconfiguration and AGC is carried out after MIB acquisition. 
	1 1 1 1 1 1 0 0 0 0

0 1 1 1 1 1 0 0 0 0
0 1 1 1 1 1 0 0 0 0
0 1 1 1 1 1 0 0 0 0
0 1 1 1 1 1 0 0 0 0
0 1 1 1 1 1 0 0 0 0
1 1 1 1 1 1 0 0 0 0
0 0 0 0 0 0 1 1 1 1
1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1 1 1
1 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 1 1 1

1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1 1 1
1 0 0 0 0 0 0 0 0 0         
	Radio frame 0:14
	49
	15
	22
	32
	29
	39
	42
	19

	Exemplary pattern DC3
	Subframe 0:9
	
	

	AGC is carried out about one subframe before the MIB acquisition.

Bandwidth reconfiguration and AGC is carried out one subframe before the SIB1 acquisition.
	1 1 1 1 1 1 0 0 0 0

0 1 1 1 1 1 0 0 0 0
0 1 1 1 1 1 0 0 0 0
0 1 1 1 1 1 0 0 0 0
0 1 1 1 1 1 0 0 0 0
0 1 1 1 1 1 0 0 0 0
0 0 0 0 0 1 1 1 1 1
1 0 0 0 0 0 1 1 1 1
1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1 1 1
1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1 1 1 
1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1 1 1
1 0 0 0 0 0 0 0 0 0
	Radio frame 0:14
	49
	14
	20
	32
	28
	37
	42
	18


We are also proposing new core requirements for cell group(s) using an extended gap pattern to handle timing differences between MCG and SCG(s), again see Table 2. For FDD we have used the minimum number achieved using the three gap patterns, as has been the strategy when setting the core requirements. For TDD we have used an average over the outcomes for the three exemplary patterns, an approach that seems to fit well with legacy requirements for most of the configurations. 
Proposal 3: One cell group shall follow legacy requirements, and the other cell group(s) shall follow new DC requirements on minimum number of ACK/NACKs transmitted during measurements in autonomous gaps, where the latter requirements are derived under the assumption that each autonomous gap needs to be extended by one subframe compared to in legacy.
Proposal 4: A UE operating in an FDD cell group where gaps need to be extended, shall be capable of providing at least 49 ACK/NACKs during the neighbour cell CGI acquisition in autonomous gaps.

Proposal 5: A UE operating in a TDD cell group where gaps need to be extended, shall be capable of providing at least:

· 16 ACK/NACKs when the carrier is using TDD configuration 0,

· 24 ACK/NACKs when the carrier is using TDD configuration 1,

· 35 ACK/NACKs when the carrier is using TDD configuration 2,

· 30 ACK/NACKs when the carrier is using TDD configuration 3,

· 38 ACK/NACKs when the carrier is using TDD configuration 4,

· 42 ACK/NACKs when the carrier is using TDD configuration 5, and

· 21 ACK/NACKs when the carrier is using TDD configuration 6,

during the neighbour cell CGI acquisition in autonomous gaps.

One remaining question to address is whether the UE shall prioritize the MCG, i.e., avoid using extended gaps for that cell group, since RRC signalling is provided via the MeNB. It is proposed that this is addressed by RAN4 since it potentially has an impact on scheduling of the UE and the risk for missing RRC signalling.
Proposal 6: It is proposed that RAN4 addresses whether the UE shall prioritize the MCG over SCG and limit the impact of autonomous gaps in the communication with MeNB in order to reduce the risk for missing RRC signalling.
3 Conclusions

We have analysed the impact of autonomous gaps on Dual Connectivity in unsynchronized operation, and propose that the core requirements shall take into account that the gaps may have to be extended for one of the cell groups in order to allow sufficient time on the target carrier for radio switching back and forth and receiving a block of MIB or a redundancy version of SIB1. 

When revisiting the legacy requirements, which are used as baseline, we made an observation that some TDD configurations seem to have an unjustified margin. 

Observation 1: Legacy requirements have too large margin between minimum requirements and achievable number of transmitted ACK/NACKs for TDD configurations 3, 4, and 5.

We are proposing new core requirements to be applicable for the cell group(s) where the gaps need to be extended in asynchronous DC operation.

Proposal 1: For synchronous DC in E-UTRA FDD, the existing minimum number of ACK/NACKs defined for FDD intra-frequency CGI reading requirements shall apply for each CG i.e. for MCG and SCG. 
Proposal 2: For synchronous DC in E-UTRA TDD, the existing minimum number of ACK/NACKs defined for TDD intra-frequency CGI reading requirements shall apply for each CG i.e. for MCG and SCG. 
Proposal 3: For asynchronous DC, one cell group shall follow legacy requirements, and the other cell group(s) shall follow new DC requirements on minimum number of ACK/NACKs transmitted during measurements in autonomous gaps, where the latter requirements are derived under the assumption that each autonomous gap needs to be extended by one subframe compared to in legacy.
Proposal 4: For asynchronous DC a UE operating in an FDD cell group where gaps need to be extended, shall be capable of providing at least 49 ACK/NACKs during the neighbour cell CGI acquisition in autonomous gaps.

Proposal 5: For asynchronous DC a UE operating in a TDD cell group where gaps need to be extended, shall be capable of providing at least:

· 16 ACK/NACKs when the carrier is using TDD configuration 0,

· 24 ACK/NACKs when the carrier is using TDD configuration 1,

· 35 ACK/NACKs when the carrier is using TDD configuration 2,

· 30 ACK/NACKs when the carrier is using TDD configuration 3,

· 38 ACK/NACKs when the carrier is using TDD configuration 4,

· 42 ACK/NACKs when the carrier is using TDD configuration 5, and

· 21 ACK/NACKs when the carrier is using TDD configuration 6,

during the neighbour cell CGI acquisition in autonomous gaps.

We further identified that a discussion is needed on whether the UE shall prioritize have less impact of autonomous gaps in MCG in order to reduce the risk of missed RRC signalling.

Proposal 6: It is proposed that RAN4 addresses whether the UE shall prioritize the MCG over SCG and limit the impact of autonomous gaps in the communication with MeNB in order to reduce the risk for missing RRC signalling.

We invite other companies to discuss the proposal as well as other details such as whether the UE is free to decide in which cell group to extend the gaps or whether it shall be signalled by the MeNB. 
4 References
[1] 3GPP TS 36.133
PAGE  
1

_1473487667.vsd

_1473485081.vsd
0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


A


B


C


...


...


...


Target cell DL


CGx DL


CGx UL


CGy DL


CGy UL


max TA


min TA


5


6


7


8


9


A


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


B


C


A


B


2


3


4


5


6


7


8


9


C


A


B


C


0


Gain search


AFC


MIB


MIB


4


5


AGC


MIB


9


0


AGC


AGC


0


1


9


0


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


9


4


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


5


6


7


8


9


0


9


0


9


0


9


4


5


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


5


6


7


8


9


A


B


0


9


0


9


0


9


4


5


C


A


B


C


A


B


C


Radio switching


Usable DL/UL subframe


Blanked subframe (gap)


Conditionally blanked subframe (gap)


max TA


min TA



