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1
Introduction
The new SI “Study on further enhancements of small Cell high layer aspects for LTE” has the main scope to identify and evaluate the potential issues and solutions related to the increased signalling load in case of small cells deployments. During the RAN2 SI “Study on Small Cell enhancements for E-UTRA and E-UTRAN; Higher layer aspects” [1], increased signalling load due to RRC signalling was noted as one possible implication of having dense small cell deployments [2]. A potential solution for reducing the RRC and X2/S1 signalling load in dense small deployments based on UE autonomous (P)SCell management across configured cells has already been presented and discussed at RAN WG3 Meeting #87bis [3]. In this contribution we provide further details about the UE autonomous (P)SCell procedures and the implications on X2/S1 signalling overhead and we propose a corresponding TP for TR36.876.
2
Discussion

2.1
Motivation for reducing signalling load
LTE mobility in RRC_CONNECTED has so far relied on full network control to guarantee best performance for the UE data transmission and reception. Only in e.g. recovery from RLF or in RRC_IDLE UE is allowed to select the serving cell. Since the mobility is fully network controlled, the network is actively involved in all handovers and secondary cell management procedures in case of Carrier Aggregation (CA) or Dual Connectivity (DC) operation. All of these cell management actions incur overhead in terms of RRC, and core network (i.e. S1) and X2 for cases with DC signalling, as well as network procedural actions for processing RRM measurements and making cell management decisions. The former is especially of relevance for HetNet and small cell scenarios where there are an increased number of handovers and secondary cell management actions, as already shown in the 3GPP TR 36.842 [2] (see e.g. section 5.2.3).
For CA scenario #4 with inter-site CA, it is well-known that the number of SCell management actions for the small cells (remote radio heads) is dominant over PCell handover for the macro-layer. Similarly, for Rel-12 small cell scenario 2 with DC, the number of PSCell management actions for small cells is found to be dominant, while PCell management actions (and related overhead) for the macro-layer are less significant [2]. 
If part of the X2/S1 and RRC signalling is done in advance to prepare the UE and candidate small cells with needed DC configuration, the above mentioned signalling load can be reduced.
2.2
Solution: UE autonomous (P)SCell management
This section describes in more details the solution based on UE autonomous PSCell management procedures for DC. 
2.2.1
General procedure
UE autonomous PSCell management procedures consist of steps where part of the X2 and RRC signalling is done in advance to prepare the UE and the candidate small cells with the needed DC configurations. The candidate small cells are informed about the UEs configured with autonomous PSCell management over X2. The list of candidate cells and related configurations could be signalled to the UE using a single RRC Connection Reconfiguration message, or configured by other means.
SeNB addition procedure with UE autonomous PSCell management
An example of the SeNB addition procedure with autonomous PSCell management is illustrated in Figure 1. 
First the MeNB prepares one or more SeNBs (within the MeNB coverage) for DC operation. As in legacy DC, each SeNB can either accept or reject the DC pre-configuration. Upon acceptance of the DC pre-configuration, each SeNBs may already include in the reply to the MeNB its specific SCG configuration (SCG-ConfigInfo). Then the UE performs measurements according to the measurement configuration. The available SeNBs are part of the measurement configuration but are not reported to the MeNB. Instead, autonomous SeNB addition is done in step 2 after the UE measures a cell to meet the trigger event criteria (e.g. A4, neighbour becomes better than threshold), upon which the UE immediately initiates the Random Access (RA) procedure towards the target SeNB. The SeNB indicates the UE X2AP ID to the MeNB within the SeNB Addition Indication (new class 2) and the MeNB sends an acknowledgement to the SeNB with SeNB Reconfiguration Complete. Finally the UE is acknowledged possibly including a new SCG-ConfigInfo (if different from the pre-allocated one). 
Note that only 2 and 5 messages are exchanged over X2/S1 for split and SCG bearer, respectively, as compared to the legacy SeNB addition procedure in [4] where 3 and 6 messages are exchanged.
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Figure 1. Example SeNB addition procedure with UE autonomous PSCell management
SeNB change procedure with UE autonomous PSCell management
An example of the SeNB change procedure with autonomous PSCell management is illustrated in Figure 2.
UE autonomous SeNB change occurs when the UE measures a target SeNB to meet the trigger event criteria (e.g. A6, signal level from another candidate PSCell becomes a threshold better than the current PSCell) and initiates RA procedure towards the target SeNB. When Random Access Response (RAR) has been received from the target SeNB, the UE knows about the successful PSCell addition. The target SeNB indicates the UE X2AP ID to the MeNB within the SeNB Addition Indication. The MeNB sends an acknowledgement to the target SeNB and sends the SeNB Release Request to the source SeNB.
Note that only 4 and 7 messages are exchanged over X2/S1 for split and SCG bearer, respectively, as compared to the legacy SeNB change procedure in [4] where 6 and 9 messages are exchanged.
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Figure 2. Example SeNB change procedure with UE autonomous PSCell management
SeNB release procedure with UE autonomous PSCell management
An example of the SeNB release procedure with autonomous PSCell management is illustrated in Figure 3.
During the autonomous SeNB release procedure the UE interrupts communication with the SeNB. However, the SeNB keeps the UE context information and the UE maintains the corresponding PSCell in the list of cells configured for autonomous management. In the example, the UE sends the release indication to the MeNB and the MeNB performs SeNB Release procedure without releasing the UE context towards the corresponding SeNB.
Note that only 2 and 5 messages are exchanged over X2/S1 for split and SCG bearer, respectively, as compared to legacy SeNB release procedure in [4] where 3 and 6 messages are exchanged.
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Figure 3. Example SeNB release procedure with UE autonomous PSCell management
2.2.2
Benefit
The RRC signalling reductions achieved with UE autonomous small cell management operations have already been presented and discussed in [3]. In this contribution we focus on the core network signalling reductions (X2/S1) that can be provided by the proposed enhancement. The signalling reductions obviously depend on the number of visited cells versus cells being prepared for autonomous DC operation. For example, a user who spends a long time inside the cluster causing frequent changes between pre-configured SeNBs will cause less X2/S1 signalling as compared to legacy DC operations. As an example, Table 1 reports a simplified analysis of the X2/S1 signalling reductions that can be achieved with UE autonomous DC operation in case a UE enters a cluster of M small cells (i.e. M cells are pre-configured) and visits N cells in the cluster (by performing N-1 PSCell changes) before exiting the cluster.
Table 1. Core network signalling reductions for split and SC bearers with UE autonomous PSCell management as a function of the small cell cluster size (M) and the number small cell visits (N).
	X2/S1signalling reduction (split bearer) 
	
	X2/S1signalling reduction (SCG bearer)

	N 
	M=2 
	M=5 
	M=8 
	M=10
	
	N 
	M=2 
	M=5 
	M=8 
	M=10

	2 
	-16,67%
	-91,67%
	-166,67%
	-216,67%
	
	2 
	-9,52%
	-52,38%
	-95,24%
	-123,81%

	4 
	8,33%
	-29,17%
	-66,67%
	-91,67%
	
	4 
	5,13%
	-17,95%
	-41,03%
	-56,41%

	6 
	16,67%
	-8,33%
	-33,33%
	-50,00%
	
	6 
	10,53%
	-5,26%
	-21,05%
	-31,58%

	8 
	20,83%
	2,08%
	-16,67%
	-29,17%
	
	8 
	13,33%
	1,33%
	-10,67%
	-18,67%

	10 
	23,33%
	8,33%
	-6,67%
	-16,67%
	
	10 
	15,05%
	5,38%
	-4,30%
	-10,75%

	12 
	25,00%
	12,50%
	0,00%
	-8,33%
	
	12 
	16,22%
	8,11%
	0,00%
	-5,41%

	14 
	26,19%
	15,48%
	4,76%
	-2,38%
	
	14 
	17,05%
	10,08%
	3,10%
	-1,55%

	16 
	27,08%
	17,71%
	8,33%
	2,08%
	
	16 
	17,69%
	11,56%
	5,44%
	1,36%

	18 
	27,78%
	19,44%
	11,11%
	5,56%
	
	18 
	18,18%
	12,73%
	7,27%
	3,64%

	20 
	28,33%
	20,83%
	13,33%
	8,33%
	
	20 
	18,58%
	13,66%
	8,74%
	5,46%

	∞ 
	33,33%
	33,33%
	33,33%
	33,33%
	
	∞ 
	22,22%
	22,22%
	22,22%
	22,22%


With the UE autonomous PSCell management the number of X2/S1 messages exchanged between the MeNB and the SeNB, and between MeNB and the MME/S-GW per DC operation is reduced (as highlighted in Section 2.2.1). On the other hand, an overhead is introduced in order to prepare a certain amount of SeNBs for UE autonomous PSCell management. Hence, the X2/S1 signalling overhead can either increase or decrease as compared to legacy DC depending on the specific deployment scenario and assumptions on the small cell density, etc. If the number of small cell visits is at least 50% higher than the cluster size (i.e. the number of pre-configured SeNBs), the UE autonomous PSCell management can provide a reduction in core network signalling with a maximum theoretical reduction of approximately 30% and 20% for split and SCG bearer, respectively.
3
Conclusions
Considering the above motivations and potential solution, we see it beneficial to study further the solution to reduce the amount of signalling messages related to cell management. Therefore, we propose RAN3 to agree on the following proposals: 
Proposal 1: It is proposed to agree on UE autonomous (P)SCell management across pre-configured cells as a potential solution for reducing signalling load in dense small deployments.
Proposal 2: It is proposed to agree on the TP for the TR36.876 [5] as provided in section 4.

4
Text Proposal to TR36.876
Beginning of Text Proposal
4
Dense small cell scenarios
The dense deployment scenarios as described in TR 36.872 [3] are the reference for this study.
4.X
UE autonomous (P)SCell management
This section describes in more details the solution based on UE autonomous PSCell management procedures for DC. 
4.X.1
General procedure
UE autonomous PSCell management procedures consist of steps where part of the X2 and RRC signalling is done in advance to prepare the UE and the candidate small cells with the needed DC configurations. The candidate small cells are informed about the UEs configured with autonomous PSCell management over X2. The list of candidate cells and related configurations could be signalled to the UE using a single RRC Connection Reconfiguration message, or configured by other means.
SeNB addition procedure with UE autonomous PSCell management
An example of the SeNB addition procedure with autonomous PSCell management is illustrated in Figure 4.X.1-1. 
First the MeNB prepares one or more SeNBs (within the MeNB coverage) for DC operation. As in legacy DC, each SeNB can either accept or reject the DC pre-configuration. Upon acceptance of the DC pre-configuration, each SeNBs may already include in the reply to the MeNB its specific SCG configuration (SCG-ConfigInfo). Then the UE performs measurements according to the measurement configuration. The available SeNBs are part of the measurement configuration but are not reported to the MeNB. Instead, autonomous SeNB addition is done in step 2 after the UE measures a cell to meet the trigger event criteria (e.g. A4, neighbour becomes better than threshold), upon which the UE immediately initiates the Random Access (RA) procedure towards the target SeNB. The SeNB indicates the UE X2AP ID to the MeNB within the SeNB Addition Indication (new class 2) and the MeNB sends an acknowledgement to the SeNB with SeNB Reconfiguration Complete. Finally the UE is acknowledged possibly including a new SCG-ConfigInfo (if different from the pre-allocated one). 
Note that only 2 and 5 messages are exchanged over X2/S1 for split and SCG bearer, respectively, as compared to the legacy SeNB addition procedure where 3 and 6 messages are exchanged.
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Figure 4.X.1-1. Example SeNB addition procedure with UE autonomous PSCell management
SeNB change procedure with UE autonomous PSCell management
An example of the SeNB change procedure with autonomous PSCell management is illustrated in Figure 4.X.1-2.
UE autonomous SeNB change occurs when the UE measures a target SeNB to meet the trigger event criteria (e.g. A6, signal level from another candidate PSCell becomes a threshold better than the current PSCell) and initiates RA procedure towards the target SeNB. When Random Access Response (RAR) has been received from the target SeNB, the UE knows about the successful PSCell addition. The target SeNB indicates the UE X2AP ID to the MeNB within the SeNB Addition Indication. The MeNB sends an acknowledgement to the target SeNB and sends the SeNB Release Request to the source SeNB.
Note that only 4 and 7 messages are exchanged over X2/S1 for split and SCG bearer, respectively, as compared to the legacy SeNB change procedure where 6 and 9 messages are exchanged.
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Figure 4.X.1-2. Example SeNB change procedure with UE autonomous PSCell management
SeNB release procedure with UE autonomous PSCell management
An example of the SeNB release procedure with autonomous PSCell management is illustrated in Figure 4.X.1-3.
During the autonomous SeNB release procedure the UE interrupts communication with the SeNB. However, the SeNB keeps the UE context information and the UE maintains the corresponding PSCell in the list of cells configured for autonomous management. In the example, the UE sends the release indication to the MeNB and the MeNB performs SeNB Release procedure without releasing the UE context towards the corresponding SeNB.
Note that only 2 and 5 messages are exchanged over X2/S1 for split and SCG bearer, respectively, as compared to legacy SeNB release procedure where 3 and 6 messages are exchanged.
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Figure 4.X.1-3. Example SeNB release procedure with UE autonomous PSCell management
4.X.2
Benefit
The signalling reductions of X2/S1 obviously depend on the number of visited cells versus cells being prepared for autonomous DC operation. For example, a user who spends a long time inside the cluster causing frequent changes between pre-configured SeNBs will cause less X2/S1 signalling as compared to legacy DC operations. As an example, Table 1 reports a simplified analysis of the X2/S1 signalling reductions that can be achieved with UE autonomous DC operation in case a UE enters a cluster of M small cells (i.e. M cells are pre-configured) and visits N cells in the cluster (by performing N-1 PSCell changes) before exiting the cluster.
Table 4.X.2-1. Core network signalling reductions for split and SC bearers with UE autonomous PSCell management as a function of the small cell cluster size (M) and the number small cell visits (N).
	X2/S1signalling reduction (split bearer) 
	
	X2/S1signalling reduction (SCG bearer)

	N 
	M=2 
	M=5 
	M=8 
	M=10
	
	N 
	M=2 
	M=5 
	M=8 
	M=10

	2 
	-16,67%
	-91,67%
	-166,67%
	-216,67%
	
	2 
	-9,52%
	-52,38%
	-95,24%
	-123,81%

	4 
	8,33%
	-29,17%
	-66,67%
	-91,67%
	
	4 
	5,13%
	-17,95%
	-41,03%
	-56,41%

	6 
	16,67%
	-8,33%
	-33,33%
	-50,00%
	
	6 
	10,53%
	-5,26%
	-21,05%
	-31,58%

	8 
	20,83%
	2,08%
	-16,67%
	-29,17%
	
	8 
	13,33%
	1,33%
	-10,67%
	-18,67%

	10 
	23,33%
	8,33%
	-6,67%
	-16,67%
	
	10 
	15,05%
	5,38%
	-4,30%
	-10,75%

	12 
	25,00%
	12,50%
	0,00%
	-8,33%
	
	12 
	16,22%
	8,11%
	0,00%
	-5,41%

	14 
	26,19%
	15,48%
	4,76%
	-2,38%
	
	14 
	17,05%
	10,08%
	3,10%
	-1,55%

	16 
	27,08%
	17,71%
	8,33%
	2,08%
	
	16 
	17,69%
	11,56%
	5,44%
	1,36%

	18 
	27,78%
	19,44%
	11,11%
	5,56%
	
	18 
	18,18%
	12,73%
	7,27%
	3,64%

	20 
	28,33%
	20,83%
	13,33%
	8,33%
	
	20 
	18,58%
	13,66%
	8,74%
	5,46%

	∞ 
	33,33%
	33,33%
	33,33%
	33,33%
	
	∞ 
	22,22%
	22,22%
	22,22%
	22,22%


With the UE autonomous PSCell management the number of X2/S1 messages exchanged between the MeNB and the SeNB, and between MeNB and the MME/S-GW per DC operation is reduced. On the other hand, an overhead is introduced in order to prepare a certain amount of SeNBs for UE autonomous PSCell management. Hence, the X2/S1 signalling overhead can either increase or decrease as compared to legacy DC depending on the specific deployment scenario and assumptions on the small cell density, etc. If the number of small cell visits is at least 50% higher than the cluster size (i.e. the number of pre-configured SeNBs), the UE autonomous PSCell management can provide a reduction in core network signalling with a maximum theoretical reduction of approximately 30% and 20% for split and SCG bearer, respectively. 
End of Text Proposal
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