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1 Introduction

During the RAN2#AdHoc, in Qingdao, the basic NR handover procedure was discussed and the following agreements were made:

Agreements:

1
Measurement information (including beam information if there are beams in the network) reported by the UE can be included the HANDOVER REQUEST message sent to the target.

2
The handover command includes all necessary parameters (at least new C-RNTI, target gNB security algorithm identifiers, and optionally a set of dedicated RACH resources (RAN2 understand this could be time/frequency/sequence but decision is up to RAN1), etc.).

FFS How the UE uses the set of dedicated RACH resources and common RACH resources, 

FFS How the UE knows the common RACH resources.

3
Handover command can include association between RACH resources and SS blocks.

4
Handover command can include association between RACH resources and CSI-RS configuration(s), if RAN1 conclude that such association is possible.

FFS How the UE selects the beam and RACH resources to be used to access from the information included in the handover command. This could be specified behaviour, or specified behaviour with some parameter(s)than can be controlled by the network, and can be discussed is some aspects might be left to UE implementation.

5
Timer based handover failure procedure like LTE (T304) is supported in NR.

6
RRC connection re-establishment procedure should be used for recovering handover failure.

At the end of the meeting, it was agreed to have a follow up discussion about the details of the information to be carried over Xx and RRC for the basic handover procedure.

[NR-AH2#11][NR] Baseline handover procedure (Ericsson)


Progress details of the information to be carried over Xx and RRC for handover.


Intended outcome: Report to next meeting


Deadline:  Thursday 2017-08-03

2 Discussion

An overall signalling flow between the UE, target gNodeB(gNB) and source gNBis currently captured in 38.300 (as shown below). As the LTE mobility procedures are assumed as baseline for NR, we have used the same message naming for the Xn and RRC messages. However, that is not intended to suggest that the same names will necessarily be the same in NR (separated discussion).

As the scope of the discussion suggests, focus will be, to certain extent, on the content of the following messages:

1. Handover Request;

2. Handover Request Acknowledge;

3. Handover Command (RRCConnectionReconfiguration with mobilityControlInfo);

4. Handover Complete (RRCConnectionReconfigurationComplete).
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Figure 9.2.3-1: Inter-gNB handover procedures.

In general, the mobility procedure is a joint responsibility of RAN2, RAN3 and SA2 WGs. In the case of the contents of the Xn messages (Handover Request and Handover Request Acknowledge), the discussion will focus on what needs to be provided from the source gNB to the target gNB so the target can prepare the RRCConnectionReconfiguration with mobilityControlInfo (or any equivalent message in NR).

Content of the Handover Request 

In LTE, the Handover Request message is defined in TS 36.423 as part of the X2AP protocol. The main purpose of that message is to provide sufficient information from the source eNodeB (eNB) to the target eNB so that the target eNB can judge whether it can accept an incoming handover or not, and generate the RRCConnectionReconfiguration with mobilityControlInfo.

Appendix A reproduces the structure of the Handover Request. Among the information included, one was clearly within the scope of RAN2. The “RRC Context” is basically an RRC container which includes theHandoverPreparationInformation message defined in the RRC specifications.

Discussion 1: Should NR have a transparent RRC container (like the HandoverPreparationInformation message in LTE) transmitted from the source gNB to the targetgNB as part of the Xn Handover Request message?

	Company
	Yes/No? If your answer is negative, please justify it.


	Huawei and HiSilicon
	Yes.

	LG
	Yes

	Panasonic
	Yes.

	OPPO
	Yes

	Intel
	Yes

	ZTE
	Yes

	vivo
	Yes

	Ericsson
	Yes.

	Lenovo&MotoM
	Yes

	Sony
	Yes

	Mediatek
	Yes

	ASUSTeK
	Yes.

	Sharp
	Yes

	CATT
	Yes

	Spreadtrum
	Yes

	NEC
	Yes

	Qualcomm
	Yes, it should be same as LTE

	Samsung
	Yes

	Nokia
	Yes


For the remaining information of the currently existing in the Handover Request (i.e. all except the “RRC Context”), our understanding is that most of them should be mainly discussed in RAN3/SA2 (e.g. node identifiers, SON related parameters, QoS related parameters, etc.) and in SA3 (e.g. security capabilities). Hence, they were not included in the scope of this email discussion.

Summary of discussion 1: All companies agree that NR specifications should define a transparent RRC container (like the HandoverPreparationInformation message in LTE) transmitted from the source gNB to the target gNB as part of the Xn Handover Request message

Proposal 1: NR RRC specifications define a transparent RRC container (like the HandoverPreparationInformation message in LTE) to be transmitted from the source gNB to the target gNB as part of the Xn Handover Request message.
Content of the RRC Context within the Handover Request 

The RRC Context contains the HandoverPreparationInformation message from Discussion 1. In LTE, that message can include Radio Access capabilities, AS Configuration, RRM Configuration, AS Context, UE configuration Release, UE supported EARFCN and Make-Before-Break request indication(see table below and Appendix B).

	HandoverPreparationInformation message in LTE

	IE
	Sub-IEs
(note that we have included the data types in some cases to provide maximum clarity of the contents, and have grouped some extensions, such as SIB1 extensions, together with main IE)
	Comment

	ue-RadioAccessCapabilityInfo
	ueCapabilityRAT-Container per rat-Type
	Includes a list of capabilities for all supported RATs.



	as-Config
	sourceMeasConfig, sourceRadioResourceConfigDedicated,
sourseSecurityAlgorithmConfig,
sourceUE-Identify (C-RNTI),
sourceMasterInformationBlock, sourceSystemInformationBlockType1, sourceSystemInformationBlockType2,
antennaInfoCommon,
sourceDl-CarrierFreq (ARFCN)
Extensions
sourceOtherConfig-r9,sourceSCellConfigList-r10,sourceSCG-Config-r12,antennaInfoDedicatedPCell-v10i0,   sourceWlan-OffloadConfig-r12,       sourceSL-CommConfig-r12,
sourceSL-CommConfig-r12, 
sourceSCellConfigList-r13, 
sourceRCLWI-Configuration-r13, 
sourceSL-V2X-CommConfig-r14, 
sourceLWA-Config-r14,
sourceWLAN-MeasResult-r14.
	RRC configuration information in the source eNB which can be utilized by target eNB to determine the need to change the RRC configuration during the handover preparation phase (the information can also be used after the handover is successfully performed or during the RRC connection re-establishment.

	rrm-Config
	ue-InactiveTime,
candidateCellInfoList-r10.
	UE specific RRM information before the handover. Includes inactivity timer and list of best cells on each frequencyfor which measurements were available, optionally including RSRP and/or RSRQ and/or SINR for these cells.

	as-Context
	reestablishmentInfo,

Extensions
idc-Indication-r11,
mbmsInterestIndication-r11,
powerPrefIndication-r11,
sidelinkUEInformation-r12,
wlanConnectionStatusReport-r13.
	Includes information needed for RRC connection re-establishment.



	SupportedEARFCN-r12
	-
	Includes UE supported EARFCN of the handover target cell if the target cell belongs to multiple frequency bands.

	makeBeforeBreakReq-r14
	-
	Indication to request the target eNB to add the makeBeforeBreak indication in the mobilityControlInfo.


In our understanding, some of the parameters listed in the table are fundamental for the basic handover functionality. Other parameters are already agreed not to be supported in NR Rel-15 (e.g. MBMS) or are down-prioritized with no meeting time allocated until March 2018 (e.g. WLAN and side-link related parameters, etc.).

Hence, we have set the scope of the discussion to only focus on basic parameters.

Discussion 2: For the basic handover, the HandoverPreparationInformationcan contain at least the following information:

a/ UE capabilities for different RATs;

b/ AS configuration (including measurement configuration and radio resource configurations, UE identifier in the source, system information from source equivalent to LTE’s MIB, SIB-1 and SIB-2, Antenna Info and DL Carrier Frequency);

c/ RRM configuration (including inactivity timer and list of best cells on each frequency for which measurement information was available); 

d/ AS Context (including information necessary to handle handover failures).

	Company
	Yes/No? If your answer is negative, please indicate the exception of the LTE content that should not be included in NR and justify.


	Huawei and HiSilicon
	Yes with comments: We support to include the contents ofthe following LTE IEs: complete UE capabilities for different RATs IE, AS configuration IE (with all the information listed above question 2), RRM configuration IE (including inactivity timer, but we do not consider the list of best cells on each frequency being essential), AS context IE (including complete reestablishmentInfo IE).

	LG
	Yes

	Panasonic
	Yes, but suggest to change the AS configuration part as follows (in order to align with the NR terminology).

· AS configuration (including measurement configuration and radio resource configurations, UE identifier in the source, system informationminimum SI (includingRMSI) from source equivalent to LTE’s MIB, SIB-1 and SIB-2, Antenna Info and DL Carrier Frequency)

Also, due to the on-demand SI delivery introduced in NR, it would be beneficial if the AS configuration can indicate which on-demand SI messages/SIBs will be required by the UE, so that the on-demand SI messages/SIBs can be delivered to the UE during the handover execution phase.

	OPPO
	Yes with all the proposals listed above. Besides, we also agree with Panasonic that the on-demand SI required by the UE should be informed to the target, in this case, the corresponding on-demand SI could be provided before UE access to the target without any need to send the SI request.

	Intel
	Yes, detail of the RRM configuration should be FFS to align with NR RRM

	ZTE
	Yes, We agree with the above listed information, in addition, we think the QoS-flow to DRB mapping information of source node should be included in the source RadioResouceConfig of the AS-Config.

	vivo
	Yes for the above listed information. 

For RRM configuration, details configuration should be discussed based on RRM mechanism.


	Ericsson
	Yes. In LTE, as part of the AS-config, the “list of best cells on each frequency” is provided from source to target gNB. Hence, it would be good to discuss potentially new assumptions in NR that might make that unnecessary.
The delivery of system information in NR has some differences compared to LTE, such as the existence of on-demand sys info and the availability of the target’s sys info before the handover message is prepared by target. It seems the impact of these to handover messages should be further discussed.

	Lenovo&MotoM
	Yes. Besides, we agree with Panasonic that on-demand SI required by UE can be included.

	Sony
	Yes for above listed parameters and FFS for RRM configuration.

We are ok to investigate on-demand SI during handover but in general we should restrict the number of options for on-demand SI delivery.

	Mediatek
	Yes. RAN2 agreed that lossless HO can be accomplished by the target using the same DRB configuration and QoS flow to DRB mapping as the source. QoS flow to DRB mapping can be included as part of the AS-config.  

	ASUSTeK
	Yes. We agree with Panasonic and ZTE that on-demand SI required by the UE and mapping between QoS flow and DRB should be indicated to target gNB.

	Sharp
	Yes for the listed parameters. Detailed information of RRM configuration can be discussed together with the RRM mechanism.

We are also open to discuss the on-demand SI delivery before UE access to the target.

	CATT
	Yes. With regards to RRM configuration, we think LTE approach is reasonable and see no reason to deviate from it. Further information (eg. Beam measurement) could be considered base on the NR measurement framework.

For system Information, we agree that further discussion is required for the support of on demand SIs during HO. 



	Spreadtrum
	Yes.

	NEC
	Yes
On system information to be provided via On-demand can be discussed further as commented by some companies above.

	Qualcomm
	Yes with the following comments:

1. We have similar view as Huawei/Hisilicon: for RRM configuration IE, we think the list of best cells on each frequency needs further discussion because the inter-frequency measurement design in RAN2 is not settled yet. For example, if the beam level measurement is performed for the list of best cells on each frequency, it will increase UE measurements efforts and additional delay. We think it is a burden for UE and is not required in NR.

2. It is better to clarify that unsupported features related IEs (e.g. MBMS, Side-link and WLAN related parameters) should be excluded from AS Context at this stage.

	Samsung
	In general, yes, with some additional remarks.

The “best cell on each frequency” indicated by source to target sounds a bit misleading. Practically speaking, source can indicate only those measurements that a UE has reported before, e.g. it can indicate only the best cells on the serving frequency and/or other measurements, depending on what the source has configured and which measurements it had received before handover was initiated.

We agree that we need information to support connection re-establishment, but re-establishment info might look different if we decided to unify resume and re-establishment procedures as being discussed by RAN2.

As noted by several companies, QoS flow to DRB mapping will be useful to ensure the lossless handover as it will facilitate target gNB to apply the same QoS flow to DRB mapping.

Regarding MBB and other mobility enhancements (similar to what was discussed for LTE), even though we are positive with regards to these mechanisms, we have not agreed yet to introduce them for NR.

	Nokia
	Yes, with some minor remarks:

We agree with Huawei and Qualcomm that the list of best cells per each frequency may not be essential, but on the other hand – if available – should not be a big burden. We also agree with the companies expressing some doubts regarding the details of AS configuration. Perhaps we are not yet in the position to decide exactly which SI should be included?


In LTE, a parameter has been included in the HandoverPreparaitonInformation to request the target eNB to add the make before break indication in the mobilityControlInfo. In our view, handover optimizations parameters to be included for reliability (e.g. conditional handover) and interruption time (e.g. make before break, any other Rel-14 mobility enhancements or 0 ms interruption time handovers) should be discussed after these features have been agreed to be supported in NR and solutions have been further elaborated.
Summary of discussion 2: For the parameters to be included in the HandoverPreparationInformation, we have the following conclusions:

· All the companies agree that as in LTE, the HandoverPreparationInformation includes (at least) the UE capabilities for different RAT
· All the companies agree that as in LTE, the HandoverPreparationInformation can include (i.e. defined as optional IEs) the AS configuration, the RRM configuration and the AS context (including information necessary to handle handover failures).

· All the companies agree that as in LTE, the content of the AS configuration contains (at least) the i/ measurement configuration and radio resource configurations, ii/ UE identifier in the source and the iii/ System information from source equivalent to LTE’s MIB, SIB-1 and SIB-2;
· 4 companies suggested that the QoS flow to DRB mapping can be included as part of the AS-config;
· 1 company suggested to use the terminology minimum system information (including RMSI);
· At least 8 companies expressed interest in at least discussing the benefits of including some indication about System Information of the target cell required by the UE e.g. which SIBs and/or on-demand SI messages the UE may need (that could be delivered during HO execution phase);
· All the companies agree that the RRM configuration includes at least the inactivity timer;

· 12 companies agree that as in LTE, the RRM configuration includes the list of best cells on the serving frequencies and/or best cells on frequencies that the source has configured the UE to measure and report, in addition to the inactivity timer;
· 6 companies either questioned whether the list of best cells on each frequency (for which measurement information was available) can be included or at least proposed to be further discussed.

· All the companies agree that as in LTE, the AS Context (including information necessary to handle handover failures) should be included;

· 1 company proposed that the AS context includes the complete reestablishmentInfo IE.
Proposal 2.1: As in LTE, the HandoverPreparationInformation to be transmitted from the source gNB to the target gNB includes the UE capabilities for different RATs.

Proposal 2.2: As in LTE, the HandoverPreparationInformation to be transmitted from the source gNB to the target gNB can include the AS configuration, the RRM configuration and the AS context (including information necessary to handle handover failures). The details of the content of each IE are FFS.
Proposal 3.1: The AS configuration includes the measurement configuration and radio resource configurations, UE identifier in the source, at least the system information from source equivalent to LTE’s MIB, SIB-1 and SIB-2, Antenna Info and DL Carrier Frequency.
FFS Whether the AS configuration includes the QoS flow to DRB mapping.
FFS Use the terminology minimum system information instead of LTE’s MIB, SIB-1 and SIB-2.

Proposal 3.2: Discuss whether the HandoverPreparationInformation message can include in the AS configuration SI related IEs so the target gNodeB can derive what SI associated to the target cell the UE may require.
FFS Details of SI related IEs, whether SIBs could be delivered during HO execution phase and/or whether stored system information can be used during handovers.
Proposal 3.3: Confirm with RAN1 that Antenna Info and/or DL Carrier Frequency are required to be included in the AS Configuration as in LTE.
Proposal 4.1: The RRM configuration can include at least the inactivity timer.

Proposal 4.2: Discuss whether in NR, as in LTE, the RRM configuration can include the list of best cells on each frequency for which measurement information was available, in addition to the inactivity timer.
Beam measurement informationin HandoverPreparationInformation
In NR, it has been agreed that source gNB could send to the target gNB beam related information that the UE may have reported to the source. One of the purposes is to enable the target to prepare dedicated RACH resources for an incoming UE. In RAN2#Ad Hoc in Qingdao, the following has been agreed concerning beam level information in measurement reports:

…

8
Beam measurement (based on NR-SS and CSI-RS) can be included in the measurement report and can be configured by the network (i.e. network configures the UE to report beam identifier only, beam measurement result and identifier, or no beam reporting)

…

In LTE, the HandoverPreparationInformation can contain as part of the source RRM configuration a list of best cells on each frequency for which measurements were available, optionally including measurement quantities (RSRP and/or RSRQ and/or SINR) for these cells. In our view, it seems natural to consider that beam level information reported from source gNB to target gNB can also be part of the RRM-config and seen as a natural extension of the LTE framework.

Discussion 3.1: Should the beam level measurement information provided from source to target gNB be part of the RRM-config in the HandoverPreparationInformation?

	Company
	Yes/No? If your answer is negative, please justify it.


	Huawei and HiSilicon
	Yes.

	LG
	Yes

	Panasonic
	It depends on the network configuration. The beam level measurement information is provided only when the UE is configured to report the beam level measurement.

	OPPO
	Yes if gNB have the beam level measurement information.

	Intel
	Yes, beam level measurement will only be useful for target to configure dedlicated RACH

	ZTE
	Yes.

	vivo
	Yes. It is also beneficial for the target eNB to configure the beam related information. 

	Ericsson
	Yes. Our understanding is that the transfer of beam level information has already been agreed. The discussion point here is more related to how it is transmitted. Since in LTE cell level measurements are delivered in the RRM-Config, it makes sense to extend that to include the beam level measurements.

	Lenovo&MotoM
	Yes. Beam level measurement information can assist target gNB to configure RACH resource.

	Sony
	Yes

	Mediatek
	Yes. Beam level measurements can be included in the RRM-Config if Source gNB have any, considering only cell level measurement is available in single-beam operation. 

	ASUSTeK
	Yes.

	Sharp
	Yes, details of beam level measurement information can be discussed.

	CATT
	Yes, the beam information is useful for the dedicated RACH resource selection. A list of best cells on each frequency (in RRM-Config) is a natural place to include the beam level measurement information.

	Spreadtrum
	Yes.

	NEC
	Yes

	Qualcomm
	This question needs clarification: does it ask whether beam measurement configuration should be always included in RRM-config of HandoverPreparationInformation?  We are not sure whether we could conclude this issue now. For example, the candidate cell list in the RRM-Config needs discussion once the NR inter-frequency measurement design is settled in RAN2, and the beam level measurement information in the RRM-Config should be discussed once the beam level measurement design is settled in RAN2.

	Samsung
	Yes

	Nokia
	Yes, otherwise the target cell will not be able to provide the UE with dedicated RACH resources related to a certain “beam”. But we think Qualcomm also raised a valid question -  should it be mandatory?


Summary of discussion 3.1: For the beam level information being part of the RRM configuration, we concluded the following:

· All the companies seemed to agree that if beam measurement information (i.e. measurement results or indexes) have been configured by the source gNodeB to be reported by a UE, they can be part of the RRM configuration of the HandoverPreparationInformation message. It remains FFS whether these beams measurement information can only be included for the requested target cell and/or also other triggered cells associated to the same gNB.

Proposal 5: Available beam measurement information can be part of the RRM configuration of the HandoverPreparationInformation message if beam measurement information (i.e. measurement results or beam indexes) have been configured by the source gNodeB to be reported by a UE. That information is not a mandatory part of the HandoverPreparationInformation message.
FFS For which cell(s) beam measurement information can be included e.g. only candidate target cell.
Discussion 3.2: Should the beam level measurement information provided from source to target gNB be also provided for the best cells on each frequency for which measurements were available?

	Company
	Yes/No? If your answer is negative, please justify it.


	Huawei and HiSilicon
	No. it is not essential to provide the measurement of best cells on each frequency. It requires increased UE measurements and may cause additional delay.

	LG
	Partly yes. When the best cells and beam level measurement information on each frequency is available, the beam level information can be provided from source to target eNB. However, as commented by Huawei, it is not essential to provide the best cell for basic handover.

	Panasonic
	No. Only the beam level measurement result of the target gNB is required for the purpose of preparing dedicated RACH resources for an incoming UE.

	OPPO
	Yes. When the beam information on each frequency is available at the source gNB, it can be provided from source to target gNB. 

	Intel
	No, only target gNB beam level measurement information is needed to be forwarded.

	ZTE
	Yes, the beam level measurement information of best cells can be provided from source to target while available.

Besides, for discussion 3.1, whether we need separate IEs for the beam level information of target gNB for basic handover and candidate cells(i.e. including the best cells on each frequency as in LTE) can be further discussed. In our view, we think separate IEs maybe better. 

	vivo
	No. As companies indicated it is not essential for basic handover. Beside, we think beam level measurement information of target eNB may be needed.

	Ericsson
	If these beam measurements are also available in NR, we see no reason not to report them from source to target if it can be useful at target. In LTE, in addition to information about the target cell, measurements of best cells on each frequency are also reported.

	Lenovo&MotoM
	Yes. Beam level information can be forwarded to target gNB for the dedicated RACH configuration purpose if the measurements are available

	Sony
	No, agree with others that it is not essential for handover

	Mediatek
	Does this question can be split into two aspects:

1. Whether the best cells on each frequency is provided from source to target?
2. Whether beam level measurement information is provided additionally for each of those best cells from source to target? 

For the first question, probably yes, it depends on whether source gNB has the measurement results for a list of cells. In NR with the network architecture of CU/DU split, it’s possible that one gNB has multiple DUs connecting a large number cells of small size. It would be beneficial and give more flexibility for target gNB to select which cell be used as the target cell for HO if a list of best cells can be provided. 

For the second question, if source gNB has beam level measurement information for each of the best cell, those information can also be provided. 

	ASUSTeK
	No. We share same view with Huawei and HiSilicon.

	Sharp
	No. agree with companies that this is not essential for basic handover. Can discuss it when the benefit of providing beam information of best cells on each frequency is clearer.

	CATT
	Yes. In current HO command, there are two kind of candidate cells, candidate PCells (together with the security key information) and candidate SCells. Due to the beam information is useful for RACH resource determination, in our view, at least the beam information is useful for the candidate PCells.
We don’t see a reason to not to report beam measurements from source to target and the measurements of best cells on each frequency, if measurements are available.

	Spreadtrum
	Yes. They may be useful for the target gNB to configure CA.

	NEC
	Yes, if they are “available” without any optimization only for this purpose, although it is not essential part in the baseline handover procedure.

	Qualcomm
	No. We share the similar view as Huawei and HiSilicon. The beam level measurement on the list of best cells of each frequency will increase UE measurements efforts.  We don’t see the benefit from this extra measurement effort, and think it is a burden for UE and not required in NR.

	Samsung
	Our general view is what we already expressed in discussion point 2 and what was also summarized by MediaTek. The source simply sends information on measurements which it has, which in turn depends on which measurements the source has configured before. We cannot see how we can put requirements that “best cell on each frequency” shall be always provided, and we cannot see a point why we should prohibit it if it is available.
We also share the same view as Qualcomm that mandating a UE to perform beam level measurements on each frequency is a burden.

	Nokia
	If available, can be included. But we share some skepticism expressed above that if it is equivalent to additional UE measurements and potential delay then probably the use case and expected benefits are not sufficiently convincing.


Summary of discussion 3.2: For the measurement information (including beam/cell level) being part of the RRM configuration, we concluded the following:

· 11 companies agree that if the source gNB has beam measurement information associated to other cells in addition to the target cells, these can be included in the RRM configuration (as long as no extra delays or additional measurement effort is required for that purpose);
· 8 companies agree that beam measurement information from source gNodeB to target gNodeB in the RRM configuration should be associated only to the target cell;
· 1 company expressed the view that it is not essential to provide the measurement of best cells on each frequency.
Proposal 6.1: Discuss whether as in LTE, the RRM configuration can include at least the available measurement results reported by a UE for the best cell(s) on frequencies a UE has been configured to perform measurements.
Proposal 6.2: Beam measurement information that can be included in the RRM configuration can be associated to i) the candidate target cell and ii) other neighbor cells whose beam measurement information is available (i.e. without requiring extra measurement efforts and/or delays).
When the source gNB decides to send a Handover Request to the target gNB for a given UE, it may have available beam level measurement information associated to SS Block(s), CSI-RS(s) or both for the target cell and/or other cells. One of the purposes of these indications to allow the target gNB to allocate dedicated RACH resources. In the RAN2# Ad Hoc in Qingdao the following has been agreed (further confirmed by RAN1): 

..

3
Handover command can include association between RACH resources and SS blocks.

4
Handover command can include association between RACH resources and CSI-RS configuration(s), if RAN1 conclude that such association is possible.

..

Hence, it is logical to assume that the target gNB can benefitof having both CSI-RS and SS Blockbased beam level information to decide whether it will allocate dedicated RACH resources associated to SS Block(s) and/or CSI-RS(s).

Discussion 3.3: Can the source gNB include both beam level information associated to SS Block(s) and CSI-RS(s) for a given cell (see discussion 3.2) if both types of measurements are available?

	Company
	Yes/No? If your answer is negative, please justify it.


	Huawei and HiSilicon
	Yes.

	LG
	Yes

	Panasonic
	Yes, but would like to change the text from ‘a given cell’ to ‘the target cell’.

	OPPO
	Yes

	Intel
	No, In meeting 98, it is agreed that “SS block identifier is not included in measurement reporting triggered by CSI-RS events”, it means the UE doesn’t report SS block information when the event is triggered by CSI-RS. In this case, it is unlikely the source gNB has both information at the handover preparation time. We think that source should forward whichever information it has based on what event is triggered.

	ZTE
	Yes, for the issues raised by intel, we think it can depend on implementation (i.e. network can configure multiple measurements on CSI-RS and NR-SS), so source gNB can include both beam level information while both measurements are available, we’d better not to introduce any restriction in Xn information exchange,

	vivo
	Yes. The source gNB should include both beam level information associated to SS Block(s) and CSI-RS(s) for Target cell (see comment in 3.2) if both types of measurements are available.

	Ericsson
	We are fine to report both, if both measurements are available. On the other hand, in our view, Intel has raised a valid point about the availability of these measurements that deserves further discussion.

	Lenovo&MotoM
	Yes.

	Sony
	Yes

	Mediatek
	Yes. The source gNB can include both measurement result for both NR-SS and CSI-RS if they are available at the source gNB. In our understanding, CSI-RS and NR-SS may have different beam property. The measurement report configuration for those two type of signals can have different parameters. Since the RRM measurement for NR-SS and CSI-RS are performed independently, it’s possible that source gNB has measurement results for both NR-SS and CSI-RS. 

	ASUSTeK
	Yes.

	Sharp
	Yes

	CATT
	Yes. “if both types of measurements are available”,

	Spreadtrum
	Yes. Share Ericsson’s view

	NEC
	Yes, if both are available.

	Qualcomm
	It is a related question with discussion 7. As we said in response to discussion 7, gNB may provide both common RACH resources associated to SS Block(s) and dedicated RACH resources associated to CSI-RS. So in this scenario, source gNB could include both beam level information associated to SS and CSI-RS. But as pointed out by Intel, we also think UE should not need extra efforts to measure both SS and CSI-RS simultaneously. So we suggest to add “And UE does not need extra efforts to measure both SS and CSI-RS simultaneously”

	Samsung
	One thing is clear that the source gNB can include beam level information associated with a type of RS (i.e., NR-SS or CSI-RS) if the MR is triggered with the same type of RS. We would like to discuss the use case of including the measurement of the other type of RS first.

	Nokia
	Similar view to Ericsson. No objection to report both, but we also share Intel’s opinion – how likely it is the gNB will have both, mutually matching and up-to-date measurement results?


Summary of discussion 3.3: For the beam level information related to SS and/or CSI-RS based reports, we concluded the following:

· 14 companies agree that the source gNB can include both beam level information associated to SS Block(s) and CSI-RS(s) for the reported cell(s) if both types of measurements are available.
· 4 companies raised a potential issue on the availability of simultaneous CSI-RS and SS measurement information, in particular that this could require extra efforts at the UE to measure both SS and CSI-RS simultaneously. It ould be useful to revisit the following agreement from 
Proposal 7.1: Confirm that the RAN2 agreements imply that the source gNodeB could have available beam measurement information associated to SS Block(s) and CSI-RS(s) reported by the UE, for the same cell and/or for different cells.
Proposal 7.2: The RRM configuration can include both beam measurement information associated to SS Block(s) and CSI-RS(s) for the reported cell(s) if both types of measurements are available.

Content of the Handover Request Acknowledgement

In LTE, the Handover Request Acknowledgement message is defined in TS 36.423 as part of the X2AP protocol. The main purpose of that message is to inform the source eNB about the prepared resources at the target.

Appendix C reproduces the structure of the Handover Request Acknowledgement. Among the information included, one was clearly within the scope of RAN2, the “Target eNB To Source eNB Transparent Container”. Therein it is described that it “Includes the RRC E-UTRA Handover Command message” as defined in the RRC specifications.

Discussion 4.1: Should NR have a transparent RRC container (like the Handover Command message in LTE) transmitted from the targetgNB to the source gNB as part of the Xn Handover Request Acknowledgement message?

	Company
	Yes/No? If your answer is negative, please justify it.


	Huawei and HiSilicon
	Yes.

	LG
	Yes

	Panasonic
	Yes.

	OPPO
	Yes

	Intel
	Yes

	ZTE
	Yes

	vivo
	Yes

	Ericsson
	Yes.

	Lenovo&MotoM
	Yes

	Sony
	Yes

	Mediatek 
	Yes

	ASUSTeK
	Yes.

	Sharp
	Yes

	CATT
	Yes

	Spreadtrum
	Yes

	NEC
	Yes

	Qualcomm
	Yes, it should be the same as LTE

	Samsung
	Yes

	Nokia
	Yes


Summary of discussion 4.1: Concerning the transparent RRC container (like the Handover Command message in LTE) transmitted from the target gNB to the source gNB as part of the Xn Handover Request Acknowledgement message, we concluded the following:

· All companies agree that as in LTE, Should NR have a transparent RRC container (like the Handover Command message in LTE) transmitted from the targetgNB to the source gNB as part of the Xn Handover Request Acknowledgement message
Proposal 8: The NR RRC specifications define a transparent RRC container (like the Handover Command message in LTE) to be transmitted from the target gNB to the source gNB as part of the Xn Handover Request Acknowledgement message.
Discussion 4.2: In NR, should the handover command be generated entirely by the target as in LTE?

	Company
	Response


	Huawei and HiSilicon
	Yes, It is reasonable to adopt the LTE approach for basic NR HO procedures.

	LG
	Yes

	Panasonic
	Yes.

	OPPO
	Yes

	Intel
	Not sure. In Rel14 eMob MBB feature, it was discussed that it would be nice to add MBB indication by source node in the RRC container, however since RRC container is generated by target node only in LTE, therefore, source needs to forward MBB indication to target and target puts it in the RRC container. However, if target doesn’t support MBB, then no MBB is enabled. In NR, may be part of the RRC container can be generated by source node if similar feature likes MBB is introduced.

	ZTE
	Yes.

	vivo
	Yes. Currently, there is not any information from source eNB is needed in HO command. 

	Ericsson
	Yes, at least as baseline. We can of course discuss potential exceptions, in case by case basis, such as the eMBB case Intel describes.

	Lenovo&MotoM
	Yes.

	Sony
	Yes

	Mediatek
	Yes. For basic HO procedure, the handover command is generated entirely by the target; for other HO optimization cases, we are open to discuss how source gNB involves to generate the HO command.

	ASUSTeK
	Yes.

	Sharp
	Yes, we think it should be the target that makes the decision about the RRC configuration for the UE in handover command.

	CATT
	Yes

	Spreadtrum
	Yes

	NEC
	Yes

	Qualcomm
	Yes. We don’t see any cases, which require that the source gNB partially provides information to the handover commend message.

	Samsung
	Yes, as the major principle. 

Intel raised a good and valid point referring to the LTE MBB mobility enhancements, but it should be noted that it does not change the main principle. The question is merely on how the target constructs the reconfiguration container based on the input information from source, and whether source should be aware of something that the target gNB puts into the container.

	Nokia
	In principle yes. We also concur with the Intel’s viewpoint and the possible complexities in case MBB-like solution is defined: SgNB would like to keep the link with the UE after HO command, but MBB notification was not included in the container as the TgNB does not support MBB feature... 


For the remaining IEs, currently existing in the X2AP Handover Request Ack, our understanding is that most of them should be mainly discussed in RAN3/SA2 (e.g. node identifiers, QoS parameters, etc.) hence, these were not prioritized in this email discussion.
Summary of discussion 4.2: Concerning the generation of the handover command message, we concluded the following:

· All companies agree that as in LTE, at least for the basic handover functionality, the handover command should be generated entirely by the target gNB.
· 3 companies agree that exceptions to that should be further discussed e.g. handover optimization features.
Proposal 9: As in LTE, the handover command should be entirely generated by the target gNB.

FFS Where there could be exceptions for that.
Content of the RRCConnectionReconfiguration with mobilityControlInfo

The Handover command in LTE is currently defined in the RRC specifications and contains the entire RRCConnectionReconfiguration message used to perform handover within E-UTRAN or handover to E-UTRAN, generated (entirely) by the target eNB. Part of that message, particularly used during handovers is the mobilityControlInfo, including the parameters relevant for network controlled mobility.In a parallel email discussion, the structure of the RRC Connection Reconfiguration is going to be discussed:

[NR-AH2#12][NR] RRCConnectionReconfiguration structure (Ericsson)


Progress the high level structure of the RRCConnectionReconfiguration message. Could also start to draft ASN.1 text.


Intended outcome: Report and possible TP to next meeting


Deadline:  Thursday 2017-08-03

To avoid or at least minimize any kind of overlap, in the current email discussion we will focus only on the content of the mobilityControlInfo. In LTE that consists of the following information:

	MobilityControlInfo in LTE

	IE
	Comment

	targetPhysCellId
	Physical cell ID of the target cell.

	carrierFreq
	EARFCN to be used by the UE in the target cell.

	carrierBandwidth
	Downlink and UL bandwidth (see TS 36.101).

	additionalSpectrumEmission
	Parameters relates to spectrum emission to be applied by the UE under certain scenarios (see TS 36.101).

	t304
	Timer that starts upon the reception of the RRCConnectionReconfiguration with mobilityControlInfo and stops when handover is successfully performed. At expiry, handover failure is triggered. 

	newUE-Identity
	C-RNTI to be used in the target cell. 

	radioResourceConfigCommon
	Configuration of common parameters, including the common RACH configuration associated to the target PCI in LTE (also broadcasted in SIB-2 in LTE).

	rach-ConfigDedicated
	Contains dedicated RACH configuration.

	carrierFreq-v9e0,              drb-ContinueROHC-r11, mobilityControlInfoV2X-r14, mobilityControlInfo-eLWA-r14, makeBeforeBreak-r14,       rach-Skip-r14.
	Extensions from later releases.


In our understanding, some of these parameters are fundamental for the basic handover functionality. Others are already agreed not to be supported in NR Rel-15 (e.g. MBMS) or are down-prioritized with no meeting time allocated until March 2018 (e.g. WLAN and side-link related parameters, etc.).As it can also be seen from the table, in LTE, the MobilityControlInfo contain parameters related to Rel-14 mobility enhancements. As explained earlier, these will be out of the scope of this email discussion.

First list of basic parameters

We divided the discussion of the basic handover parameters in two parts. In the first part, we discuss the need to provide to the UE the following parameters: target PCI (or equivalent, to be defined by RAN1), carrier frequency, carrier bandwidth, additional spectrum emission, T304, new UE identifier (C-RNTI type of identifier). In the second part, we should discuss the common/dedicated RACH configuration, in particular, the open issue identified in the last meeting (how the UE obtain then common RACH configuration).

Discussion 5: For the basic handover in NR, the mobilityControlInfocan contain at least the following information:

· target physical cell identifier (or equivalent defined by RAN1);

· carrier frequency:

· carrier bandwidth;

· additional spectrum emission;

· T304 like timer;

· new UE identifier (C-RNTI type of identifier).

	Company
	Yes/No?Companies can express their views whether some of these parameters should be decided by RAN1 and/or RAN4.

	Huawei and HiSilicon
	 Yes. Additional spectrum emission should be decided by RAN4.

	LG
	Yes

	Panasonic
	Yes, the above 6 parameters shall be all included in the moblityControlInfo.

	OPPO
	Yes

	Intel
	Yes

	ZTE
	Yes

	vivo
	Yes

	Ericsson
	Yes.

	Lenovo&MotoM
	Yes

	Sony
	Yes

	Mediatek
	Yes

	ASUSTeK
	No. In our understanding, let the UE know the carrier bandwidth of target cell may not be essential and should be decided by RAN1.

	Sharp
	Yes

	CATT
	Yes

	Spreadtrum
	Yes

	NEC
	Yes

	Qualcomm
	Yes, the list of parameters above should be the baseline

	Samsung
	Yes

	Nokia
	Yes, looks straightforward.


In addition to the actual mobilityControlInfo for the MCG there may also be a similar field for the SCG (like the mobilityControlInfoSCG in LTE DC). The details of this signalling structure is however outside the scope of this discussion and should be handled in [NR-AH2#12].
Summary of discussion 5: Concerning the content of the mobilityControlInfo, we concluded the following:

· All companies seemed to agree that the mobilityControlInfo can contain as baseline at least the target physical cell identifier (or equivalent defined by RAN1), the carrier frequency, the T304 like timer and the new UE identifier (C-RNTI type of identifier);

· For the carrier bandwidth of the target cell, and the additional spectrum emission, RAN2 should confirm with RAN1 and RAN4 whether these are applicable for NR as in LTE.
Proposal 9.1: The mobilityControlInfo can contain at least the target physical cell identifier (or equivalent defined by RAN1), the carrier frequency, the T304 like timer and the new UE identifier (C-RNTI type of identifier).
Proposal 9.2: Request RAN1 and RAN4 whether it is necessary to inform the UE in a handover the carrier bandwidth associated to the target cell and the additional spectrum emission.

RACH configuration

In this second part, companies are invited to provide their input regarding the RACH configuration in the mobilityControlInfo (common and dedicated). For the common RACH configuration, that relates to the following open issue identified in the last meeting:

…

FFS How the UE knows the common RACH resources.

…

In RAN1#Ad Hoc in Qingdao, the following has also been agreed:


Common RACH configuration(s)

Discussion 6.1: Considering the RAN1 agreement that CSI-RS configuration is UE-specifically configured, can we confirm the RAN2 understanding that the common RACH configuration for beams in the target cell can only be associated to the SS Block(s) (i.e. there is no common RACH to CSI-RS(s) association)?

	Company
	Yes/No? If your answer is negative, please justify it.


	Huawei and HiSilicon
	Yes.We would like to clarify that SS Block(s) can also be associated with dedicated RACH resources.

	LG
	Yes

	Panasonic
	No. There is no need to indicate the association for the common RACH resource (the common RACH resource is common for all SS blocks and CSI-RSs).

	OPPO
	Yes

	Intel
	Yes

	ZTE
	Yes

	vivo
	Yes

	Ericsson
	Yes.
Comments related to Huawei input: We agree with the comment and that can be clarified that in the summary.

	Lenovo&MotoM
	Yes

	Sony
	Yes

	Mediatek
	Yes

	ASUSTeK
	Yes.

	Sharp
	Yes

	CATT
	Yes

	Spreadtrum
	Yes

	NEC
	Yes

	Qualcomm
	Yes. Note that RAN1 has agreed that cell specifically configured CSI-RS for L3 mobility was not supported in NR. So, there is no need to associate common RACH resource with CSI-RS.  

	Samsung
	Yes. 

For initial access the UE uses the mapping rule defined by RAN1, between PRACH resources and SS-block provided in SIB1 (i.e. RMSI). So for common RACH provided in HO command there seems no reason why this mapping will be different.

	Nokia
	Yes, makes sense to follow such principle.


Summary of discussion 6.1: Concerning the association between RACH resources and the different types of reference signals (SS and CSI-RS), we concluded the following:

· All companies agree that CSI-RS configuration is UE-specifically configured.
· All companies agree that the common RACH configuration for beams in the target cell can only be associated to the SS Block(s) (i.e. there is no common RACH to CSI-RS(s) association);
· One company states that that there is no need to indicate the association for the common RACH resource (the common RACH resource is common for all SS blocks and CSI-RSs).
Proposal 10.1: RAN2 understanding is that the common RACH configuration for beams in the target cell can only be associated to the SS Block(s).
Proposal 10.2: RAN2 understanding is that the dedicated RACH configuration for beams in the target cell can either be associated to the SS Block(s) and/or CSI-RS(s).

In LTE, the common RACH configuration can be included in the mobilityControlInfo. That is the same configuration also broadcasted in system information, more precisely as part of SIB2. In NR, it has been agreed that RACH configuration is part of the so-called minimum system information, although it is still FFS whether that will be part of an NR-SIB1 or NR-SIB2.

In NR, the UE may have stored valid system information associated to multiple cells. That may also include the target cell, i.e., upon a handover the UE may already have common RACH configuration, so the common RACH configuration in the mobilityControlInfo could be optional.

Discussion 6.2: In NR, can the target include the common RACH configuration in the mobilityControlInfo (just as any other RRC delta signalling defined in LTE)?

	Company
	Yes/No? If your answer is negative, please justify it.


	Huawei and HiSilicon
	Yes. It is still beneficial to include common RACH configuration in mobilityControlInfo. It can be used when dedicated RACH resource is not available. At the border area, SI of the target cell may not be reliable.  Waiting to read SI may introduce more delay.

	LG
	Yes. The target gNB should always include the common RACH configuration in mobilityControlInfo as in LTE since RAN2 has not made an agreement that index based approach is applied to MSI. In addition, we think MSI is not candidate for index based approach.

	Panasonic
	Yes, the common RACH configuration is included in the mobilityControlInfo if the target gNB and source gNB are belonging to different SI Area.

	OPPO
	Yes, the common RACH configuration should be included in mobilityControlInfo as in LTE.

	Intel
	Yes, it should be permitted 

	ZTE
	Yes.

	vivo
	Yes. Common RACH resource is beneficial for UE to switch to target eNB if the dedicated RACH resource is not available or not reliable at this time. Besides, there may not be valid stored SI. Thus, it should be included in mobilityControlInfo.

	Ericsson
	Yes, the target should be able to include the common RACH configurations to cover the cases where the UE does not have the common RACH configuration of the target cell. We should then discuss the cases where the UE already has the common RACH configuration from target.

	Lenovo&MotoM
	Yes. Common RACH configuration should be included in the mobilityControlInfo by target gNB.

	Sony
	Yes

	Mediatek
	Yes. Common RACH configuration should always be included in mobilityControlInfo. Minimum SI is cell-specific and not common among multiple cells. 

	ASUSTeK
	Yes. Common RACH configuration could be optionally included in mobilityControInfo.

	Sharp
	Yes

	CATT
	Yes, since UE is not required to acquire mini SI during HO, and contention based RACH could be triggered in the target cell, common RACH resource configuration should be included in the HO command.
Whether the applicability of stored system info for common RACH resources could be discussed separately.  

	Spreadtrum
	Yes. Common RACH configuration is useful for some cases(No dedicated RACH resources or the bad target SS BLOCK/CSI-RS at that time.)

	NEC
	Yes. and agree with CATT comment

	Qualcomm
	Yes, as in LTE, the target gNB should always include the common RACH configuration in the mobilityControlInfo because gNB does not know exactly what system information is stored in the UE.

	Samsung
	Yes

	Nokia
	Yes, there seems to be a consensus common RACH can be included in mobilityControlInfo. Now the question remains whether it should be always present or optional…


Summary of discussion 6.2: Concerning the provision of the common RACH configuration of the target cell during handovers, we concluded the following:

· All companies seemed to agree that the common RACH configuration of them target cell should be possibly provided in the mobilityControlInfo, at least as an optional information.
· At least 3 companies have explicitly stated that the common RACH should be a mandatory part of the mobilityControlInfo.
Proposal 10.1: The target gNB should be able to include the common RACH configuration in the mobilityControlInfo.

FFS Whether the common RACH configuration in the mobilityControlInfo is optional or mandatory.
Dedicated RACH configuration(s)

In LTE, dedicated RACH configuration can also be included in mobilityControlInfo for contention-free random access at the target cell. Considering that common RACH configuration can only be associated to SS Block(s) and that dedicated RACH configuration can either be associated to SS Block(s) and/or CSI-RS(s), we invite companies to discuss which combinations can be included in the mobilityControlInfo for dedicated RACH configuration.

Discussion 7: In NR, which RACH configuration combination(s) of the following options can the target include in the mobilityControlInfo?

a/Common RACH resources (only associated to SS Block(s));

b/ Dedicated RACH resources associated to SS Block(s);

c/ Dedicated RACH resources associated to CSI-RS(s).

	Company
	Express your views if any of the combinationsdescribed above should not be supported e.g. a/+b/, a/+c/, a/+b/+c/, etc.

	Huawei and HiSilicon
	The target can include all the configuration combinations into the mobilityControlInfo

	LG
	b/, c/, b/+c/ and a/+b/+c/ should not be supported.

As described above, a/ should always be provided.

In addition, we does not see a gain of simultaneous configuration of b/ and c/. The network would determine between SS block and CSI-RS and configure only one configuration associated with either SS block or CSI-RS.

	Panasonic
	a/+b/+c/. Suggest to remove the “(only associated to SS Block(s))” in option a.

	OPPO
	We also consider a/ should always be provided. Regarding b/ and c/, we consider only one is needed.

	Intel
	All 3 should be supported. However, agree with LG that (a) should be provided always as fallback in case dedicated RACH fails. FFS on mechanism of dedicated RACH fails and priority of different RACH resources.

	ZTE
	All the combinations can be supported, in addition, we agree with other companies that a/ should be mandatory in case no dedicated RACH is available (i.e. UE choose a beam which the associated dedicated RACH resource is not  received).

	vivo
	a/, a/+b/, a/+c/ should be supported.

b/+c/, a/+b/+c/ should not be supported, since SSB associated resource (or CSI-RS resource) is not needed if CSI-RS resource (or SSB associated resource) is configured for RACH.

	Ericsson
	We think that in principle all configurations should be supported. Perhaps the only exceptions to be discussed are the configurations with simultaneous b/ and c/ (i.e. b/+c/ and a/+b/+c/).

In addition, as some companies suggested, common RACH can be used as fallback by the UE, e.g., in the case a dedicated configuration fails due to narrow beamforming (especially in the case of CSI-RS).

	Lenovo&MotoM
	a/ should be mandatory for the fallback purpose in case there is no available dedicated resource for the suitable beam.

	Sony
	Agree with Ericsson

	Mediatek
	Common RACH configuration a/ is always provided. Additionally, a/+b/ and a/+c/ should be supported. Simultaneous configuration of both b/ and c/ is not needed. 

	ASUSTeK
	a/+b/+c/ and b/+c/ should not be supported.

	Sharp
	We also wonder what is the use case for simultaneous b/ and c/
And agree with others a/ can be always included.

	CATT
	a/ should always be supported, and b/, c/ can be optional supported . 

So the reasonable combination should be a/, a/+b/, a/+c/. 
If both b/ and c/ are provided, it needs another rule/ mechanism in selecting  which one to use by the UE, which may add complexity. The network should have sufficient knowledge to select b or c for HO purposes.  

	Spreadtrum
	a/ or a/+b/ or a/+c/ should be supported. a/ should be mandatory. a/+b/+c/ costs more resources but may be useful not to fall back directly to a/ in the case that c/ related CSI-RS becomes bad.

	NEC
	a/ should be always supported. Regarding the combination, a/+b/ and a/+c/ should be supported, while we are not sure if a/+b/+c/ is to be supported.

	Qualcomm
	Firstly, we think a/ must be carried in mobilityControlInfo for fallback operation. The fallback operation means that if the dedicated RACH resource failed due to possible fast changing of channel, UE should be enable to quickly try to access in common RACH resource without need to read system information of target cell. We think such fallback operation is important because dedicated resource may fail when channel changes fast in NR, especially in mmW. And note that in LTE, RACH resource configuration (which could be only common RA resource) is always included in mobilityControlInfo. So it is also beneficial for legacy support. Furthermore, note that RAN2#97b has made the following agreements:

Agreements
1    Handover command can contain at least cell identity of the target cell and RACH configuration(s) associated to the beams of the target cell. RACH configuration(s) can include configuration for contention-free random access.
1b  UE selects a suitable beam from all beams of the target cell.

1c  UE performs CBRA on the UE's selected beam if CFRA resources are not provided for the UE's selected beam.
In our understanding, the highlighted part means that RAN2 assumed the dedicated RA resource was used only for the CFRA and CBRA should be performed on one of the common RA resources. Then it also indicated that a/ must be carried.

Secondly, we does not see the necessity to simultaneously configure of b/ and c/. 

Our opinion is summarized in below: 

· a/ (only common RACH associated to SS)
· a/+b/ (simultaneously configure common RACH associated to SS and dedicated RACH associated to SS), and if UE wants to try multiple Msg1, it can only do that in dedicated (time domain) RACH resources

· a/+c/ (simultaneously configure common RACH associated to SS and dedicated RACH associated to CSI-RS), and if UE wants to try multiple Msg1, it can only do that in dedicated (time domain) RACH resources


	Samsung
	We support a/ to be included in the mobilityControlInfo as a mandatory configuration. In addition to a/, additional b/, c/, could be configured with various combinations, and choice is up to network implementation. We think the network can configure any combination of RACH resources with sufficient information.

	Nokia
	We have similar view as Ericsson and Samsung. a) should be included, a) with b) and a) with c) also do not look controversial. Simultaneous b) and c) is indeed the most tricky, but – as expressed by Samsung - it is ultimately up to the NW to decide which combinations it is able to provide from the resource efficiency point of view.


Summary of discussion 7: Concerning the valid RACH configuration(s) to be possibly included in the mobilityControlInfo, we have listed a/, b/, c/ or any combinations of these to be discussed, and we concluded the following:

· All companies seemed to agree that (at least) a/, a/+b/ and a/+c/ shall be supported i.e. target should be able to include any of these.

· Most companies seemed to agree that the common RACH configuration can be used as a fallback in the case the dedicated RACH fails;

· Most companies seemed to agree that combinations having b/ and c/ together (i.e. b/+c/ and a/+b/+c/) shall not be supported;

· At least 5 companies expressed the view that a/ could be optional, while 5 companies expressed the view that a/ should be mandatory; The input from the remaining companies do not seem to be very clear to the rapporteur and should be clarified online.

Proposal 11.1 The target gNB should be able to include at least one of the following RACH configurations in the mobilityControlInfo to enable the UE to access the target cell: i/ Common RACH, ii/ Common RACH configuration + Dedicated RACH configuration associated with SS-Block or iii/ Common RACH configuration + Dedicated RACH configuration associated with CSI-RS.

FFS Whether the common RACH configuration is mandatory or not (and, in the case it is not, how the UE obtains the common RACH configuration for the target cell.)
FFS Whether there will be a fallback procedure using common RACH when dedicated RACH fails.
FFS Whether there can be other CSI-RS configuration(s) for the target cell (or whether that should be on the main RRC Connection Re-configuration).
Proposal 11.2: The target gNB should not be able to simultaneously include in the mobilityControlInfo a dedicated RACH configuration associated with SS-Block and a dedicated RACH configuration associated with CSI-RS.

Content of the RRCConnectionReconfigurationComplete message (Handover complete)

The RRCConnectionReconfigurationComplete message is used to confirm the successful completion of an RRC connection reconfiguration, in the particular case of this discussion, the successful completion of a handover i.e. the configuration provided by the target cell.

	RRCConnectionReconfigurationComplete in LTE

	IE
	Comment

	rrc-TransactionIdentifier
	Message identifier.

	rlf-InfoAvailable-r10
	SON related information.

	logMeasAvailable-r10
	MDT related information.

	connEstFailInfoAvailable-r11
	Failure related information.

	logMeasAvailableMBSFN-r12
	MBSFN related information.

	perCC-ListGapIndication-r14
	Indicates per CC measurement gap preference by the UE.

	numFreqEffective-r14
	Indicate the number of effective frequencies that a UE measures.


Most of the information are related to SON functions, MDT logged measurements and/or failure information and were all added in later releases. In our understanding, they are not essential for the basic handover operation in NR. Hence, these are not within the scope of the email discussion. 

Proposals
Based on this email discussion the following is proposed:

Appendix A: X2 HANDOVER REQUEST (LTE)

This message is sent by the source eNB to the target eNB to request the preparation of resources for a handover.

Direction: source eNB ( target eNB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	Old eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the source eNB
	YES
	reject

	Cause
	M
	
	9.2.6
	
	YES
	ignore

	Target Cell ID
	M
	
	ECGI 

9.2.14
	
	YES
	reject

	GUMMEI
	M
	
	9.2.16
	
	YES
	reject

	UE Context Information
	
	1
	
	
	YES
	reject

	>MME UE S1AP ID
	M
	
	INTEGER (0..232 -1)
	MME UE S1AP ID allocated at the MME
	–
	–

	>UE Security Capabilities
	M
	
	9.2.29
	
	–
	–

	>AS Security Information
	M
	
	9.2.30
	
	–
	–

	>UE Aggregate Maximum Bit Rate
	M
	
	9.2.12
	
	–
	–

	>Subscriber Profile ID for RAT/Frequency priority
	O
	
	9.2.25
	
	–
	–

	>E-RABs To Be Setup List
	
	1
	
	
	–
	–

	>>E-RABs To Be Setup Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	ignore

	>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>E-RAB Level QoS Parameters
	M
	
	9.2.9
	Includes necessary QoS parameters
	–
	–

	>>>DL Forwarding 
	O
	
	9.2.5
	
	–
	–

	>>>UL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint 9.2.1
	SGW endpoint of the S1 transport bearer. For delivery of UL PDUs.
	–
	–

	>>>Bearer Type
	O
	
	9.2.92
	
	YES
	reject

	>RRC Context
	M
	
	OCTET STRING
	Includes the RRC Handover Preparation Information message as defined in subclause 10.2.2 of TS 36.331 [9]
	–
	–

	>Handover Restriction List
	O
	
	9.2.3
	
	–
	–

	>Location Reporting Information
	O
	
	9.2.21
	Includes the necessary parameters for location reporting
	–
	–

	>Management Based MDT Allowed
	O
	
	9.2.59
	
	YES
	ignore

	>ManagementBasedMDT PLMN List
	O
	
	MDT PLMN List

9.2.64
	
	YES
	ignore

	>UE Sidelink Aggregate Maximum Bit Rate
	O
	
	9.2.97
	This IE applies only if the UE is authorized for V2X services.
	YES
	Ignore

	UE History Information
	M
	
	9.2.38
	Same definition as in TS 36.413 [4]
	YES
	ignore

	Trace Activation
	O
	
	9.2.2
	
	YES
	ignore

	SRVCC Operation Possible
	O
	
	9.2.33
	
	YES
	ignore

	CSG Membership Status
	O
	
	9.2.52
	
	YES
	reject

	Mobility Information
	O
	
	BIT STRING (SIZE (32))
	Information related to the handover; the source eNB provides it in order to enable later analysis of the conditions that led to a wrong HO.
	YES
	ignore

	Masked IMEISV
	O
	
	9.2.69
	
	YES
	ignore

	UE History Information from the UE
	O
	
	OCTET STRING
	VisitedCellInfoList contained in the UEInformationResponse message (TS 36.331 [9])
	YES
	ignore

	Expected UE Behaviour
	O
	
	9.2.70
	
	YES
	ignore

	ProSe Authorized
	O
	
	9.2.78
	
	YES
	ignore

	UE Context Reference at the SeNB
	O
	
	
	
	YES
	ignore

	>Global SeNB ID
	M
	
	Global eNB ID

9.2.22
	
	
	

	>SeNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the SeNB
	
	

	>SeNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated at the SeNB
	
	

	Old eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated at the source eNB
	YES
	reject

	V2X Services Authorized
	O
	
	9.2.93
	
	YES
	ignore

	UE Context Reference at the WT
	O
	
	
	
	YES
	ignore

	>WT ID
	M
	
	9.2.95
	
	
	

	>WT UE XwAP ID
	M
	
	9.2.96
	
	
	


Appendix B: HandoverPreparationInformation (LTE)

This message is used to transfer the E-UTRA RRC information used by the target eNB during handover preparation, including UE capability information.

Direction: source eNB/ source RAN to target eNB

HandoverPreparationInformation message

-- ASN1START

HandoverPreparationInformation ::=
SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE{




handoverPreparationInformation-r8
HandoverPreparationInformation-r8-IEs,




spare7 NULL,




spare6 NULL, spare5 NULL, spare4 NULL,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

HandoverPreparationInformation-r8-IEs ::= SEQUENCE {


ue-RadioAccessCapabilityInfo

UE-CapabilityRAT-ContainerList,


as-Config






AS-Config




OPTIONAL, 

-- Cond HO


rrm-Config






RRM-Config




OPTIONAL,


as-Context






AS-Context



OPTIONAL, 

-- Cond HO


nonCriticalExtension



HandoverPreparationInformation-v920-IEs

OPTIONAL

}

HandoverPreparationInformation-v920-IEs
::= SEQUENCE {


ue-ConfigRelease-r9




ENUMERATED {











rel9, rel10, rel11, rel12, v10j0, v11e0,











v1280, rel13, ...} 


OPTIONAL, 
-- Cond HO2


nonCriticalExtension



HandoverPreparationInformation-v9d0-IEs

OPTIONAL

}

HandoverPreparationInformation-v9d0-IEs
::= SEQUENCE {


lateNonCriticalExtension


OCTET STRING (CONTAINING HandoverPreparationInformation-v9j0-IEs)
OPTIONAL,


nonCriticalExtension



HandoverPreparationInformation-v9e0-IEs


OPTIONAL

}

-- Late non-critical extensions:

HandoverPreparationInformation-v9j0-IEs ::= SEQUENCE {


-- Following field is only for pre REL-10 late non-critical extensions

lateNonCriticalExtension


OCTET STRING




OPTIONAL,


nonCriticalExtension



HandoverPreparationInformation-v10j0-IEs

OPTIONAL

}

HandoverPreparationInformation-v10j0-IEs ::= SEQUENCE {


as-Config-v10j0





AS-Config-v10j0


OPTIONAL,


-- Following field is only for late non-critical extensions from REL-10


nonCriticalExtension



SEQUENCE {}



OPTIONAL

}

-- Regular non-critical extensions:

HandoverPreparationInformation-v9e0-IEs
::= SEQUENCE {


as-Config-v9e0





AS-Config-v9e0




OPTIONAL,
-- Cond HO2


nonCriticalExtension



HandoverPreparationInformation-v1130-IEs

OPTIONAL

}

HandoverPreparationInformation-v1130-IEs
::= SEQUENCE {


as-Context-v1130




AS-Context-v1130



OPTIONAL,
-- Cond HO2


nonCriticalExtension



HandoverPreparationInformation-v1250-IEs





OPTIONAL

}

HandoverPreparationInformation-v1250-IEs ::= SEQUENCE {


ue-SupportedEARFCN-r12 



ARFCN-ValueEUTRA-r9



OPTIONAL,
-- Cond HO3


as-Config-v1250




AS-Config-v1250



OPTIONAL, 
-- Cond HO2 


nonCriticalExtension



HandoverPreparationInformation-v1320-IEs





OPTIONAL

}

HandoverPreparationInformation-v1320-IEs ::= SEQUENCE {


as-Config-v1320





AS-Config-v1320




OPTIONAL, 
-- Cond HO2 

as-Context-v1320




AS-Context-v1320



OPTIONAL, 
-- Cond HO2

nonCriticalExtension



HandoverPreparationInformation-v14x0-IEs





OPTIONAL

}
HandoverPreparationInformation-v14x0-IEs ::= SEQUENCE {


as-Config-v14x0




AS-Config-v14x0





OPTIONAL, 
-- Cond HO2


makeBeforeBreakReq-r14


ENUMERATED {true}



OPTIONAL, 
-- Cond HO2


nonCriticalExtension


SEQUENCE {}






OPTIONAL

}

-- ASN1STOP

	HandoverPreparationInformation field descriptions

	as-Config

The radio resource configuration. Applicable in case of intra-E-UTRA handover. If the target receives an incomplete MeasConfig and RadioResourceConfigDedicated in the as-Config, the target eNB may decide to apply the full configuration option based on the ue-ConfigRelease.

	as-Context

Local E-UTRAN context required by the target eNB.

	makeBeforeBreakReq

To request the target eNB to add the makeBeforeBreak indication in the mobilityControlInfo.

	rrm-Config

Local E-UTRAN context used depending on the target node’s implementation, which is mainly used for the RRM purpose.

	ue-ConfigRelease

Indicates the RRC protocol release or version applicable for the current UE configuration. This could be used by target eNB to decide if the full configuration approach should be used. If this field is not present, the target assumes that the current UE configuration is based on the release 8 version of RRC protocol. NOTE 1.

	ue-RadioAccessCapabilityInfo

For E-UTRA radio access capabilities, it is up to E-UTRA how the backward compatibility amongsupportedBandCombinationReduced,supportedBandCombination andsupportedBandCombinationAddis ensured. If supportedBandCombinationReduced and supportedBandCombination/supportedBandCombinationAddare included into ueCapabilityRAT-Container, it can be assumed that the value of fields,requestedBands, reducedIntNonContCombRequested and requestedCCsXLare consistend with all supported band combination fields. NOTE 2

	ue-SupportedEARFCN
Includes UE supported EARFCN of the handover target E-UTRA cell if the target E-UTRA cell belongs to multiple frequency bands.


Appendix C: LTE X2 HANDOVER REQUEST ACK

9.1.1.2
HANDOVER REQUEST ACKNOWLEDGE

This message is sent by the target eNB to inform the source eNB about the prepared resources at the target.

Direction: target eNB ( source eNB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	Old eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the source eNB
	YES
	ignore

	New eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the target eNB
	YES
	ignore

	E-RABs Admitted List
	
	1
	
	
	YES
	ignore

	> E-RABs Admitted Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	ignore

	>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>UL GTP Tunnel Endpoint
	O
	
	GTP Tunnel Endpoint 9.2.1
	Identifies the X2 transport bearer used for forwarding of UL PDUs
	–
	–

	>>DL GTP Tunnel Endpoint
	O
	
	GTP Tunnel Endpoint 9.2.1
	Identifies the X2 transport bearer. used for forwarding of DL PDUs
	–
	–

	E-RABs Not Admitted List
	O
	
	E-RAB List

9.2.28
	A value for E-RAB ID shall only be present once  inE-RABs AdmittedList IE and in E-RABs Not Admitted List IE.
	YES
	ignore

	Target eNB To Source eNB Transparent Container
	M
	
	OCTET STRING
	Includes the RRC E-UTRA Handover Command message as defined in subclause 10.2.2 in TS 36.331 [9]
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore


	Range bound
	Explanation

	maxnoofBearers
	Maximum no. of E-RABs. Value is 256


At least for handover case, a source cell can indicate in the handover command, 


Association between RACH resources and CSI-RS configuration(s)


Association between RACH resources and SS blocks


A set of dedicated RACH resources (FFS: time/frequency/sequence)


Note that above CSI-RS configuration is UE-specifically configure
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