3GPP TSG-RAN2 Meeting #100                              R2-1712257
Reno, USA, Nov 27th to Dec 1st, 2017                    (Revision of R2-1710154)
Agenda item:
9.9.3
Source: 

Qualcomm Incorporated
Title: 
Signalling Optimization for SCell Configuration and Handover 
Document for:
Discussion and Decision
1. Objective of WI
	· Reduced delays in Scell set-up, including shorter Scell configuration delay after UE moves from idle to connected by addressing the following aspects:

· Measurements on Scell candidates (e.g. network assistance in identifying Scell candidate carriers, and best effort UE measurements for Scell candidates),

· Measurement reporting (e.g. utilize UE’s earlier idle mode measurements for configuring Scell),

· Scell configurations and activations (e.g. the network could immediately configure Scell for CA without additional measurements when UE’s earlier idle mode measurements are available for setting up Scell)

· Reduced Scell configuration and activation signaling overhead

· Consider optimizations related to UE mobility and carrier switching in licensed and unlicensed deployment using LAA and configurations of multiple Scells.

The focus of the enhancements is especially on small cell deployment scenarios and when practical Carrier Aggregation (CA) support is extended beyond 5 carriers (up to 32 carriers). The CA enhancements developed in this work item aim to be applicable for traditional CA deployments and CA including LAA and DC deployment scenarios.



This document is revised with modified proposals for section 3.1
2. Discussion

  Based on above description and state diagram, SCell MAC-CE Activation timeline is shown below:
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 In the above timeline, the time duration when the UE transitions from RRC_IDLE to RRC_CONNECTED State through UE Initiated RRC Connection Setup Procedure is not shown. When UE is in RRC_CONNECTED State, based on eNB implementation, eNB configures UE with SCell Measurement Objects and Reporting Configuration. UE performs SCell measurements and sends Measurement Reports based on the configuration. Based on Measurement Reports, eNB decides which SCell(s) to be configured through RRC Connection Reconfiguration procedure. Once UE SCell is configured, typically eNBs requests UE SCell Measurement Reports to make decision of activating the SCell through MAC-CE Procedure. 
3.1 SCell Configuration Signalling Optimization (for both HO and Non-HO Scenarios)
With increased number of SCells from 4 to 31 in Rel-13, there is requirement to configure more number of SCells through RRC Connection Reconfiguration signalling procedure (for both HO and Non-HO cases).  Increased number of SCells configured in each RRC Connection Reconfiguration signalling message increases signalling payload size as well. To reduce signalling (i.e., to reduce payload size of RRC Connection Reconfiguration), optimized signalling is required to efficiently configure larger number of SCells in each RRC Connection Reconfiguration message. This is particularly desirable to avoid fragmentation of signalling message especially when UE is in edge cell coverage.
Observation 1. Multiple SCell configuration in same RRC Connection Reconfiguration Message (during both Non-HO and HO cases) increases signalling payload size 
Observation 2. Optimized SCell configuration is desirable to avoid fragmentation of signalling message especially when UE is in edge cell coverage.
For quick reference, SCell Configuration signalling format specified up to Rel-13 is shown below [2]. Each SCell is configured using an SCellToAddMod-r10 or SCellToAddModExt-r13 IE. For each SCell, configuration information common to all UEs is signalled under radioResourceConfigCommonSCell-r10 or radioResourceConfigCommonSCell-r13. 

For each SCell, dedicated (UE specific) configuration information is signalled under radioResourceConfigDedicatedSCell-r10 or radioResourceConfigDedicatedSCell-r13.
SCellToAddModList-r10 ::=

SEQUENCE (SIZE (1..maxSCell-r10)) OF SCellToAddMod-r10
SCellToAddModListExt-r13 ::=
SEQUENCE (SIZE (1..maxSCell-r13)) OF SCellToAddModExt-r13

SCellToAddMod-r10 ::=


SEQUENCE {


sCellIndex-r10





SCellIndex-r10,


cellIdentification-r10



SEQUENCE {



physCellId-r10





PhysCellId,



dl-CarrierFreq-r10




ARFCN-ValueEUTRA


}















OPTIONAL,
-- Cond SCellAdd


radioResourceConfigCommonSCell-r10

RadioResourceConfigCommonSCell-r10
OPTIONAL,
-- Cond SCellAdd


radioResourceConfigDedicatedSCell-r10
RadioResourceConfigDedicatedSCell-r10
OPTIONAL,
-- Cond SCellAdd2


...,


[[
dl-CarrierFreq-v1090



ARFCN-ValueEUTRA-v9e0
OPTIONAL
-- Cond EARFCN-max


]],


[[
antennaInfoDedicatedSCell-v10i0

AntennaInfoDedicated-v10i0
OPTIONAL
-- Need ON

]]
}
SCellToAddModExt-r13 ::=


SEQUENCE {


sCellIndex-r13





SCellIndex-r13,


cellIdentification-r13



SEQUENCE {



physCellId-r13





PhysCellId,



dl-CarrierFreq-r13




ARFCN-ValueEUTRA-r9

}















OPTIONAL,
-- Cond SCellAdd


radioResourceConfigCommonSCell-r13

RadioResourceConfigCommonSCell-r10
OPTIONAL,
-- Cond SCellAdd


radioResourceConfigDedicatedSCell-r13
RadioResourceConfigDedicatedSCell-r10
OPTIONAL,
-- Cond SCellAdd2

antennaInfoDedicatedSCell-r13


AntennaInfoDedicated-v10i0

OPTIONAL
-- Need ON
}

In order to optimize SCell Configuration for multiple SCells in the same RRC Connection Reconfiguration message, it is desirable to have SCell parameters common across multiple SCells to be grouped under a new RRC IE 1 and signalled as a single IE (example: radioResourceConfigCommonMultipleSCellsGroup1). With such common group 1 signalling, for each SCell, SCell specific configuration parameters common to all UEs signalled using legacy radioResourceConfigCommonSCell IE can be used to override parameters specified under the new IE 1. Additional SCell specific parameters (common to all UEs) which are not listed under the new IE can also be signalled using existing radioResourceConfigCommonSCell IE.
Similarly, it is desirable to have dedicated (i.e., UE specific) SCell parameters of multiple SCells to be grouped under a common new IE 2 (example: radioResourceConfigDedicatedMultipleSCellsGroup1). For each SCell belonging to group 1 , SCell specific dedicated parameters signalled using legacy radioResourceConfigDedicatedSCell IE can be used to override parameters signalled using the new IE 2. Additional SCell specific dedicated (UE-specific) parameters which are not listed under New IE 2 can also be signalled using legacy radioResourceConfigDedicatedSCell IE.
With the support of up to 31 SCells in Rel-13, it is beneficial to consider grouping SCells into one or more groups. Each SCell can belong to one of the groups identified by the group ID. Example: all SCells belong to a single group, or SCell 1-5 with common configuration parameters into group 1 and SCell 6-10 in group 2 etc.SCell 1-5 configuration can refer to group 1 specific parameters. SCell 6-10 configuration can refer to group 2 specific parameters etc.
For each SCell configuration, group ID can be signalled. If only one group is defined, then group ID can be implicit. There is no need of defining Primary SCell in each group. This provides flexibility of SCell configuration in terms of groups and also helps to reduce signalling overhead size. 

Proposal 1. Allow configuring SCells with same configuration into a common group identified by a group ID.
Proposal 2. SCell configuration specifies the group ID that the SCell belongs to. Example: sCellIndex 1 belongs to sCellGroup 2. 
Given that up to 31 SCells are possible, we think too many groups can be inefficient, and four groups should be sufficient. 

Proposal 3. Specify maximum of 4 SCell Groups.
The grouping should be applied to both the common parameters as well as dedicated parameters of each SCell.
Proposal 4. The grouping is applied to both the common parameters as well as dedicated parameters of each SCell.
If SCell specific parameters are signalled in addition to group parameters, the specific parameters take precedence.

Proposal 5. SCell specific configuration parameters signalled using legacy IEs take precedence over the corresponding group parameters configured using the new IEs.
3.2 SCell Activation optimization during HO

During HO from a source eNB to a target eNB, target eNB SCells are configured through RRC Connection Reconfiguration (Mobility Control Info) Signalling Message received from source eNB. Upon successful PCell HO to target eNB, Configured SCells will remain in default deactivate state. Target eNB uses MAC-CE Activation procedure to activate SCells based on SCell Channel conditions and eNB/UE Data Buffer Thresholds. This mechanism introduces high latency to activate SCells after HO. In order to efficiently and quickly offload data to SCells during HO and reduce SCell Data Offload interruptions, enhancements are required to quickly activate SCells after HO to target eNB is completed.
Existing Rel-14 HO behaviour is described in brief below (Note: not all steps are described): 

The intra E-UTRAN HO of a UE in RRC_CONNECTED state is a UE-assisted network-controlled HO, with HO preparation signalling in E-UTRAN:

· Part of the HO command comes from the target eNB and is transparently forwarded to the UE by the source eNB;

· To prepare the HO, the source eNB passes all necessary information to the target eNB (e.g. E-RAB attributes and RRC context): 
·   When CA is configured and to enable SCell selection in the target eNB, the source eNB can provide in decreasing order of radio quality a list of the best cells and optionally measurement result of the cells.

· Both the source eNB and UE keep some context (e.g. C-RNTI) to enable the return of the UE in case of HO failure;

· If RACH-less HO is not configured, the UE accesses the target cell via RACH following a contention-free procedure using a dedicated RACH preamble or following a contention-based procedure if dedicated RACH preambles are not available:

· If RACH-less HO is configured, the UE accesses the target cell via the uplink grant pre-allocated to the UE in the RRC message. If the UE does not receive the pre-allocated uplink grant in the RRC message from the source eNB, the UE monitors the PDCCH of the target cell;

· If the access towards the target cell (using RACH or RACH-less procedure) is not successful within a certain time, the UE initiates radio link failure recovery using a suitable cell;

Observation 3. During HO, SCell configured during HO Signalling procedure remains in default deactivate state after successful HO to target eNB . 

Observation 4. Upon successful HO to target eNB , SCell need to be explicitly activated by eNB through MAC-CE Commands .  
If target eNB SCells have good channel conditions and there is enough data available at eNB/UE, it is desirable to enable target eNB SCells to be activated directly through new IE(s) (Example: activateScellAfterHO) during HO signalling procedure. This New IE can be specified on a per-SCell basis. If this new IE is not present for any target eNB SCell(s), by default target eNB SCell remains in deactivated state (same as legacy HO behaviour) after HO. These deactivated target eNB SCells need to be activated by target eNB through explicit MAC-CE procedure after UE’s successful HO. 
Proposal 6.   During HO signalling involving CA, specific SCells to be directly activated after successful HO are indicated through a new IE. For SCells not directly activated during HO signalling, legacy procedure applies. 

In case of RACH-less HO, if (CA-capable) UE sends RRC Connection Reconfiguration Complete message to target eNB PCell in sub frame “n” and if UE gets acknowledgment from PCell then UE can activate target eNB SCell(s) (specified by RRC IE activateSCellAfterHO) at sub frame “n+k”, where value of “k” is FFS. Other SCells (not signalled to be activated by activateSCellAfterHO) will remain in deactivated state until explicit MAC-CE activation command is received by the UE.
Proposal 7.   In case of RACH-less HO, if (CA-capable) UE successfully sends RRC Connection Reconfiguration Complete message to target eNB PCell in sub frame “n”, then the UE can activate target eNB SCell(s) at sub frame “n+k”. [k] is FFS.
3. Conclusion
In this contribution, we discussed various mechanisms and proposals to enable UE SCell configuration signaling enhancements and SCell activation mechanism during HO. 

Observation 1.
Multiple SCell configuration in same RRC Connection Reconfiguration Message (during both Non-HO and HO cases) increases signalling payload size
Observation 2.
Optimized SCell configuration is desirable to avoid fragmentation of signalling message especially when UE is in edge cell coverage.
Observation 3.
During HO, SCell configured during HO Signalling procedure remains in default deactivate state after successful HO to target eNB .
Observation 4. Upon successful HO to target eNB , SCell need to be explicitly activated by eNB through MAC-CE Commands .


Based on above observations and discussions, we propose: 
Proposal 1.
Allow configuring SCells with same configuration into a common group identified by a group ID.

Proposal 2.
SCell configuration specifies the group ID that the SCell belongs to. Example: sCellIndex 1 belongs to sCellGroup 2.

Proposal 3.
Specify maximum of 4 SCell Groups.

Proposal 4.
The grouping is applied to both the common parameters as well as dedicated parameters of each SCell.

Proposal 5.
SCell specific configuration parameters signalled using legacy IEs take precedence over the corresponding group parameters configured using the new IEs.

Proposal 6.
During HO signalling involving CA, specific SCells to be directly activated after successful HO are indicated through a new IE. For SCells not directly activated during HO signalling, legacy procedure applies.

Proposal 7.
In case of RACH-less HO, if (CA-capable) UE successfully sends RRC Connection Reconfiguration Complete message to target eNB PCell in sub frame “n”, then the UE can activate target eNB SCell(s) at sub frame “n+k”. [k] is FFS.
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